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G47 (SEQ ID NO: 66) and G2133 (SEQ ID NO: 152) conserved domains

G47: OSKYKGIRRRKWGKWVSETIRVPGTRDRLWLGSFSTAEGAAVAHDVA
QSEYKGIRRRKWGKWVSEIRVPGTR RLWLGSEFSTAEGAAVAHDVA
G2133: QSKYKGIRRRKWGKWVSEIRVPGTRORLWLGSFSTAEGAAVAHDVA

G47: FFCLHOPDSL~~-ESLNFPHLLNPSLV
F+CLH+? SL  ES NFPHLL SL+
G2133: FYCLHRPSSLDDESFNFPHLLTTSLA

G47 (SEQ ID NO: 66) and G3643 (SEQ ID NO: 158) conserved domains

G47: SKYKGTIRRRKWCGKWVSETRVPGTRDRLWLGSESTAEGAAVAHDVAEF
+K KG+RRRKWGKWVSEIRVPGT++RLWLG+++T E AAVAHDVA
G3643: NKLKGVRRRKWGKWVSEIRVPGTQERLWLGTYATPEAAAVAHDVAV

G47: FCLHOPDSLESLNEFPELLN
+CL +FP SL+ LNFP L+
G3643: YCLSRPSSLDKLNFPETLS

G47 (SEQ ID NO: 66) and 3649 (SEQ ID NO: 154) conserved domains

G47: KYKGIRRREWGKWVSEIRVPGTRDRLWLGSEFSTAEGAAVAHDVA
+Y+G+RRRAWGKWVSEIRVPGTR+RLWLGS++TAE AAVAHD A
G3649: RYRGVRRRRWGKWVSEIRVPGTRERLWLGSYATAEAAAVAHDAA

G47 (SEQ ID NO: 6) and G3644 (SEQ ID NO: 156) conserved domains

G47: KYKGIRRRKWGKWVSEIRVPGTRDRLWLGSESTAEGAAVAHDVA
+¥+G+RRR+WGKWVSEIRVPGTR+RLWLGS++T E AAVAHD A
G3644: RYRGVRRRRWGKWVSEIRVPGTRERLWLGSYATPEAAAVAHDTA

G47: FECL
+ L
G3644: VYPFL

FIG. 5
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FIG. 6A FIG. 6B

FIG. 6C
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FIG. 7TA

FIG. 7B
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TRANSCRIPTION FACTOR SEQUENCES
FOR CONFERRING ADVANTAGEOUS
PROPERTIES TO PLANTS

RELATIONSHIP TO COPENDING
APPLICATIONS

This application is a continuation-in-part application of
prior U.S. application Ser. No. 11/375,241, filed Mar. 13,
2006 (pending); which claims the benefit of U.S. Provisional
Application No. 60/713,952, filed Aug. 31, 2005; and U.S.
application Ser. No. 11/375,241 is a continuation-in-part of
prior U.S. application Ser. No. 10/225,067, filed Aug. 9,
2002 (issued as U.S. Pat. No. 7,135,616) which claims the
benefit of U.S. Provisional Application No. 60/336,049, filed
Nov. 19, 2001, U.S. Provisional Application No. 60/310,
847, filed Aug. 9, 2001 and U.S. Provisional Application No.
60/338,692, filed Dec. 11, 2001; and, prior U.S. application
Ser. No. 10/225,067 is a continuation-in-part of U.S. Non-
provisional application Ser. No. 09/837,944, filed Apr. 18,
2001 (now abandoned), and U.S. Non-provisional applica-
tion Ser. No. 10/171,468, filed Jun. 14, 2002 (now aban-
doned); and, this application is a continuation-in-part of
prior U.S. application Ser. No. 10/714,887, filed Nov. 13,
2003 (pending); and, U.S. application Ser. No. 11/375,241 is
a continuation-in-part of prior U.S. application Ser. No.
10/666,642, filed Sep. 18, 2003 (issued as U.S. Pat. No.
7,196,245) which claims the benefit of U.S. Provisional
Application No. 60/465,809, filed Apr. 24, 2003, U.S. Pro-
visional Application No. 60/434,166, filed Dec. 17, 2002
and U.S. Provisional Application No. 60/411,837, filed Sep.
18, 2002. This application is also a continuation-in-part of
prior U.S. application Ser. No. 11/632,390, filed Dec. 17,
2008 (pending), which is a National Stage Entry of PCT/
US2005/025010, filed Jul. 14, 2005, which claims the ben-
efit of U.S. Provisional Application No. 60/588,405, filed
Jul. 14, 2004. This application is also a continuation-in-part
of prior U.S. application Ser. No. 12/338,024, filed Dec. 18,
2008 (pending), which is a divisional application of prior
U.S. application Ser. No. 10/374,780, filed Feb. 25, 2003
(issued as U.S. Pat. No. 7,511,190), which is a continuation-
in-part of prior U.S. application Ser. No. 09/713,994, filed
Nov. 16, 2000 (abandoned); and, U.S. application Ser. No.
10/374,780 is also a continuation-in-part of prior U.S. appli-
cation Ser. No. 09/934,455, filed Aug. 22, 2001 (aban-
doned), which is a continuation-in-part of prior U.S. appli-
cation Ser. No. 09/713,994, filed Nov. 16, 2000
(abandoned); and, this application is continuation-in-part of
prior U.S. application Ser. No. 11/479,226, filed Jun. 30,
2006 (pending), which is a continuation-in-part of prior U.S.
application Ser. No. 09/713,994, filed Nov. 16, 2000 (aban-
doned). All of the above applications are hereby incorpo-
rated by reference in their entirety.

JOINT RESEARCH AGREEMENT

The claimed invention, in the field of functional genomics
and the characterization of plant genes for the improvement
of plants, was made by or on behalf of Mendel Biotechnol-
ogy, Inc. and Monsanto Company as a result of activities
undertaken within the scope of a joint research agreement,
said agreement having been in effect on or before the date
the claimed invention was made.
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FIELD OF THE INVENTION

This invention relates to the field of plant biology. More
particularly, the present invention pertains to compositions
and methods for phenotypically modifying a plant.

INTRODUCTION

Transgenic plants with improved traits, including
enhanced yield, environmental stress tolerance, pest resis-
tance, herbicide tolerance, improved seed compositions, and
the like are desired by both farmers and consumers.
Although considerable efforts in plant breeding have pro-
vided significant gains in desired traits, the ability to intro-
duce specific DNA into plant genomes provides further
opportunities for generation of plants with improved and/or
unique traits. Fortunately, a plant’s traits, such as its bio-
chemical, developmental, or phenotypic characteristics, may
be controlled through a number of cellular processes. One
important way to manipulate that control is through tran-
scription factors—proteins that influence the expression of a
particular gene or sets of genes. Transformed and transgenic
plants that comprise cells having altered levels of at least one
selected transcription factor, for example, possess advanta-
geous or desirable traits. Strategies for manipulating traits
by altering a plant cell’s transcription factor content can
therefore result in plants and crops with commercially
valuable properties. Polynucleotides encoding transcription
factors have been identified, transformed into transgenic
plants, and the plants have been analyzed for a variety of
important improved traits. In so doing, important polynucle-
otide and polypeptide sequences for producing commer-
cially valuable plants and crops as well as the methods for
making and using them were identified. In some cases,
because of epigenetic effects, positional effects, or the like,
introducing recombinant DNA into a plant genome does not
result in a transgenic plant having the desired phenotype
with the enhanced agronomic trait. Therefore, methods to
select individual transgenic events from a population may be
required to identify those transgenic events that are charac-
terized by the enhanced agronomic trait.

Other aspects and embodiments of the invention are
described below and can be derived from the teachings of
this disclosure as a whole.

BACKGROUND OF THE INVENTION

Transcription factors can modulate gene expression,
either increasing or decreasing (inducing or repressing) the
rate of transcription. This modulation results in differential
levels of gene expression at various developmental stages, in
different tissues and cell types, and in response to different
exogenous (e.g., environmental) and endogenous stimuli
throughout the life cycle of the organism.

Because transcription factors are key controlling elements
of biological pathways, altering the expression levels of one
or more transcription factors can change entire biological
pathways in an organism. For example, manipulation of the
levels of selected transcription factors may result in
increased expression of economically useful proteins or
metabolic chemicals in plants or to improve other agricul-
turally relevant characteristics. Conversely, blocked or
reduced expression of a transcription factor may reduce
biosynthesis of unwanted compounds or remove an unde-
sirable trait. Therefore, manipulating transcription factor
levels in a plant offers tremendous potential in agricultural
biotechnology for modifying a plant’s traits.
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The present invention provides novel transcription factors
useful for modifying a plant’s phenotype in desirable ways.

SUMMARY OF THE INVENTION

The present invention pertains to transgenic plants, and
methods for producing the transgenic plant, that have desir-
able characteristics relative to wild-type or control plants.
The desirable characteristics in the transgenic plants, which
have been transformed with a sequence that is closely or
phylogenetically related to G47, polynucleotide SEQ ID
NO: 65 and polypeptide SEQ ID NO: 66, include increased
size and/or biomass, tolerance to osmotic stress or drought,
and/or increased lignification. The transgenic plants may
also be delayed in their flowering, relative to a control or
wild-type plant of the same species. The transgenic plants
are made by first producing an expression vector that
comprises a nucleotide sequence encoding a polypeptide
with a conserved domain, said domain having at least 69%,
or at least 73%, or at least 80%, or at least 87% amino acid
identity to the conserved domain of G47 (amino acid coor-
dinates 11-80 of G47 or SEQ ID NO: 66). The expression
vector is next introduced into a suitable target plant, and the
polypeptide is overexpressed in this now transgenic plant.
This results in the transgenic plant having increased size
and/or biomass, tolerance to the osmotic stress or drought,
delayed flowering, and/or increased lignification.

Methods for increasing plant size and/or biomass, increas-
ing osmotic stress or drought tolerance of a plant, increasing
lignin content, or causing a delay in development or flow-
ering are also encompassed by the invention.

BRIEF DESCRIPTION OF THE SEQUENCE
LISTING, TABLES, AND FIGURES

The Sequence Listing provides exemplary polynucleotide
and polypeptide sequences of the invention. The traits
associated with the use of the sequences are included in the
Examples.

Incorporation of the Sequence Listing.

The copy of the Sequence Listing, being submitted elec-
tronically with this patent application, provided under 37
CFR §1.821-1.825, is a read-only memory computer-read-
able file in ASCII text format. The Sequence Listing is
named “MBI-0036-3CIP2-ST25.txt”, the electronic file of
the Sequence Listing was created on Oct. 2, 2009, and is
527,112 bytes in size, or 515 kilobytes in size measured in
MS-Windows. The Sequence Listing is herein incorporated
by reference in its entirety.

FIG. 1 shows a phylogenic tree of related plant families
adapted from Daly et al. (2001 Plant Physiology 127:
1328-1333).

FIG. 2 shows a phylogenic dendogram depicting phylo-
genetic relationships of higher plant taxa, including clades
containing tomato and Arabidopsis; adapted from Ku et al.
(2000) Proc. Natl. Acad. Sci. USA 97: 9121-9126; and Chase
et al. (1993) Ann. Missouri Bot. Gard. 80: 528-580.

FIG. 3 shows a phylogenetic tree and multiple sequence
alignments of G47 and related full length proteins were
constructed using ClustalW (CLUSTAL W Multiple
Sequence Alignment Program version 1.83, 2003) and
MEGA2 (http://www.megasoftware.net) software.
Sequences closely related to G47, SEQ ID NO: 66, fall
within the G47 clade and descend from a common ancestral
sequence represented by the arrow at an ancestral node of
the tree. These phylogenetically-related sequences within
the G47 clade that have thus far been shown to have a
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transcriptional regulatory activity of G47 by conferring
similar morphological and physiological characteristics
have conserved domains that are at least 69% identical to the
conserved domain of G47 (amino acid coordinates 11-80).
The percentage identity was determined by BLASTp analy-
sis against a database containing G47 homologs, with
default settings of a wordlength (W) of 3, an expectation (E)
of 10, and the BLOSUMS62 scoring matrix (see Henikoff &
Henikoff' (1989) Proc. Natl. Acad. Sci. USA 89: 10915-
10919). Clustal W multiple alignment parameters for FIG. 3
were as follows:

Gap Opening Penalty: 10.00; Gap Extension Penalty:
0.20; Delay divergent sequences: 30%; DNA Transitions
Weight: 0.50; Protein weight matrix: Gonnet series; DNA
weight matrix: IUB; Use negative matrix: OFF.

A FastA formatted alignment was then used to generate a
phylogenetic tree in MEGA2 using the neighbor joining
algorithm and a p-distance model. A test of phylogeny was
done via bootstrap with 1000 replications and Random Seed
set to default. Cut off values of the bootstrap tree were set
to 50%. Orthologs of G47 are considered as being those
proteins within the node of the tree below with a bootstrap
value of 93, bounded by G3644 and G47, as indicated by the
sequences within the box.

FIG. 4 shows a Clustal W alignment of the AP2 domains
of'the G47 Glade and other representative AP2 proteins. The
three residues indicated by the boxes define the G47 Glade;
Glade members (indicated by the vertical line at left) have
a two valines and a histidine residue at these positions,
respectively. The SEQ ID NOs. of the sequences listed in
FIG. 4 appear in parentheses.

FIG. 5 shows the conserved domain of G47 (SEQ ID NO:
66) aligned against the conserved domains of Arabidopsis
paralog sequence G2133 (SEQ ID NO: 152; 62 of 71 or 87%
identical residues) and three orthologs, soy G3643 (SEQ ID
NO: 158; 45 of 65 or 69% of residues are identical), rice
G3649 (SEQ ID NO: 154; 35 of 44 or 80% of residues
identical) and rice G3644 (SEQ ID NO: 156; 35 of 48 or
73% of residues identical). Alignments and percentage iden-
tity were determined from BLASTp analysis in which the
conserved domain of G47, amino acid coordinates 11-80,
were queried against a database containing the G47
homologs, with default settings of a wordlength (W) of 3, an
expectation (E) of 10, and the BLOSUMG62 scoring matrix
(see Henikoff & Henikoff (1989) supra).

FIGS. 6A-6C show Arabidopsis G47, SEQ ID NO: 66
(FIG. 6A, plant at left), soy G3649, SEQ ID NO: 154 (FIG.
6B, plants at left and center), and rice G3643, SEQ ID NO:
158 (FIG. 6C, plants at left and center) overexpressors at 58,
44, and 33 days after planting, respectively. The overexpres-
sors generally developed later, and some lines had larger
rosettes and an increased amount of vegetative tissue com-
pared to the control plants at the right of each photograph.

FIGS. 7A-7B compare seedlings ectopically expressing
rice sequence G3644, SEQ ID NO: 156 (FIG. 7A) and
wild-type seedling controls. The 35S::G3644 seedlings
(FIG. 7A) were generally larger and greener after germina-
tion in a 150 mM NacCl than the wild-type control seedlings
exposed to the same conditions (FIG. 7B). The small pale
seedlings in FIG. 7A represent wild-type segregants, based
on kanamycin resistance segregation data from the same
population.

As shown in FIGS. 8A-8B, seedlings ectopically express-
ing rice sequence G3649, SEQ ID NO: 154 (FIG. 8A) were
generally larger and greener after germination in a medium
containing 0.3 uM abscisic acid than the wild-type control
seedlings exposed to the same conditions (FIG. 8B).
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FIG. 9 illustrates a dramatic example of osmotic-stress
tolerance. Seedlings overexpressing Arabidopsis G2133,
SEQ ID NO: 152, in the pot at the left were significantly
greener and more vigorous than the wild-type control seed-
lings, seen at right, after both sets of plants had been exposed
to the same severe drought conditions and rewatered. The
overexpressors readily recovered from the severe treatment
after resumption of watering, whereas the few control plants
at right that survived had been severely and adversely
affected by the drought treatment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The present invention relates to polynucleotides and poly-
peptides for modifying phenotypes of plants, particularly
those associated with increased biomass, increased disease
resistance, and/or abiotic stress tolerance. Throughout this
disclosure, various information sources are referred to and/
or are specifically incorporated. The information sources
include scientific journal articles, patent documents, text-
books, and World Wide Web browser-inactive page
addresses. While the reference to these information sources
clearly indicates that they can be used by one of skill in the
art, each and every one of the information sources cited
herein are specifically incorporated in their entirety, whether
or not a specific mention of “incorporation by reference” is
noted. The contents and teachings of each and every one of
the information sources can be relied on and used to make
and use embodiments of the invention.

As used herein and in the appended claims, the singular
forms “a”, “an”, and “the” include the plural reference
unless the context clearly dictates otherwise. Thus, for
example, a reference to “a host cell” includes a plurality of
such host cells, and a reference to “a stress” is a reference
to one or more stresses and equivalents thereof known to
those skilled in the art, and so forth.

DEFINITIONS

“Nucleic acid molecule” refers to an oligonucleotide,
polynucleotide or any fragment thereof. It may be DNA or
RNA of genomic or synthetic origin, double-stranded or
single-stranded, and combined with carbohydrate, lipids,
protein, or other materials to perform a particular activity
such as transformation or form a useful composition such as
a peptide nucleic acid (PNA).

“Polynucleotide” is a nucleic acid molecule comprising a
plurality of polymerized nucleotides, e.g., at least about 15
consecutive polymerized nucleotides. A polynucleotide may
be a nucleic acid, oligonucleotide, nucleotide, or any frag-
ment thereof. In many instances, a polynucleotide comprises
a nucleotide sequence encoding a polypeptide (or protein) or
a domain or fragment thereof. Additionally, the polynucle-
otide may comprise a promoter, an intron, an enhancer
region, a polyadenylation site, a translation initiation site, 5'
or 3' untranslated regions, a reporter gene, a sclectable
marker, or the like. The polynucleotide can be single-
stranded or double-stranded DNA or RNA. The polynucle-
otide optionally comprises modified bases or a modified
backbone. The polynucleotide can be, e.g., genomic DNA or
RNA, a transcript (such as an mRNA), a ¢cDNA, a PCR
product, a cloned DNA, a synthetic DNA or RNA, or the
like. The polynucleotide can be combined with carbohy-
drate, lipids, protein, or other materials to perform a par-
ticular activity such as transformation or form a useful
composition such as a peptide nucleic acid (PNA). The
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polynucleotide can comprise a sequence in either sense or
antisense orientations. “Oligonucleotide” is substantially
equivalent to the terms amplimer, primer, oligomer, element,
target, and probe and is preferably single-stranded.

“Gene” or “gene sequence” refers to the partial or com-
plete coding sequence of a gene, its complement, and its 5'
or 3' untranslated regions. A gene is also a functional unit of
inheritance, and in physical terms is a particular segment or
sequence of nucleotides along a molecule of DNA (or RNA,
in the case of RNA viruses) involved in producing a poly-
peptide chain. The latter may be subjected to subsequent
processing such as chemical modification or folding to
obtain a functional protein or polypeptide. A gene may be
isolated, partially isolated, or found with an organism’s
genome. By way of example, a transcription factor gene
encodes a transcription factor polypeptide, which may be
functional or require processing to function as an initiator of
transcription.

Operationally, genes may be defined by the cis-trans test,
a genetic test that determines whether two mutations occur
in the same gene and that may be used to determine the
limits of the genetically active unit (Rieger et al. (1976)). A
gene generally includes regions preceding (“leaders™;
upstream) and following (“trailers”; downstream) the coding
region. A gene may also include intervening, non-coding
sequences, referred to as “introns”, located between indi-
vidual coding segments, referred to as “exons”. Most genes
have an associated promoter region, a regulatory sequence 5'
of the transcription initiation codon (there are some genes
that do not have an identifiable promoter). The function of
a gene may also be regulated by enhancers, operators, and
other regulatory elements.

A “recombinant polynucleotide” is a polynucleotide that
is not in its native state, e.g., the polynucleotide comprises
a nucleotide sequence not found in nature, or the polynucle-
otide is in a context other than that in which it is naturally
found, e.g., separated from nucleotide sequences with which
it typically is in proximity in nature, or adjacent (or con-
tiguous with) nucleotide sequences with which it typically is
not in proximity. For example, the sequence at issue can be
cloned into a vector, or otherwise recombined with one or
more additional nucleic acid.

An “isolated polynucleotide” is a polynucleotide, whether
naturally occurring or recombinant, that is present outside
the cell in which it is typically found in nature, whether
purified or not. Optionally, an isolated polynucleotide is
subject to one or more enrichment or purification proce-
dures, e.g., cell lysis, extraction, centrifugation, precipita-
tion, or the like.

A “polypeptide” is an amino acid sequence comprising a
plurality of consecutive polymerized amino acid residues
e.g., at least about 15 consecutive polymerized amino acid
residues. In many instances, a polypeptide comprises a
polymerized amino acid residue sequence that is a transcrip-
tion factor or a domain or portion or fragment thereof.
Additionally, the polypeptide may comprise: (i) a localiza-
tion domain; (ii) an activation domain; (iii) a repression
domain; (iv) an oligomerization domain; (v) a DNA-binding
domain; or the like. The polypeptide optionally comprises
modified amino acid residues, naturally occurring amino
acid residues not encoded by a codon, non-naturally occur-
ring amino acid residues.

“Protein” refers to an amino acid sequence, oligopeptide,
peptide, polypeptide or portions thereof whether naturally
occurring or synthetic.

“Portion”, as used herein, refers to any part of a protein
used for any purpose, but especially for the screening of a



US 9,447,425 B2

7

library of molecules which specifically bind to that portion
or for the production of antibodies.

A “recombinant polypeptide” is a polypeptide produced
by translation of a recombinant polynucleotide. A “synthetic
polypeptide” is a polypeptide created by consecutive polym-
erization of isolated amino acid residues using methods well
known in the art. An “isolated polypeptide,” whether a
naturally occurring or a recombinant polypeptide, is more
enriched in (or out of) a cell than the polypeptide in its
natural state in a wild-type cell, e.g., more than about 5%
enriched, more than about 10% enriched, or more than about
20%, or more than about 50%, or more, enriched, i.e.,
alternatively denoted: 105%, 110%, 120%, 150% or more,
enriched relative to wild type standardized at 100%. Such an
enrichment is not the result of a natural response of a
wild-type plant. Alternatively, or additionally, the isolated
polypeptide is separated from other cellular components
with which it is typically associated, e.g., by any of the
various protein purification methods herein.

“Homology” refers to sequence similarity between a
reference sequence and at least a fragment of a newly
sequenced clone insert or its encoded amino acid sequence.

“Identity” or “similarity” refers to sequence similarity
between two polynucleotide sequences or between two
polypeptide sequences, with identity being a more strict
comparison. The phrases “percent identity” and “% identity”
refer to the percentage of sequence similarity found in a
comparison of two or more polynucleotide sequences or two
or more polypeptide sequences. “Sequence similarity” refers
to the percent similarity in base pair sequence (as deter-
mined by any suitable method) between two or more poly-
nucleotide sequences. Two or more sequences can be any-
where from 0-100% similar, or any integer value
therebetween. Identity or similarity can be determined by
comparing a position in each sequence that may be aligned
for purposes of comparison. When a position in the com-
pared sequence is occupied by the same nucleotide base or
amino acid, then the molecules are identical at that position.
A degree of similarity or identity between polynucleotide
sequences is a function of the number of identical, matching
or corresponding nucleotides at positions shared by the
polynucleotide sequences. A degree of identity of polypep-
tide sequences is a function of the number of identical amino
acids at corresponding positions shared by the polypeptide
sequences. A degree of homology or similarity of polypep-
tide sequences is a function of the number of amino acids at
corresponding positions shared by the polypeptide
sequences.

“Alignment” refers to a number of nucleotide bases or
amino acid residue sequences aligned by lengthwise com-
parison so that components in common (i.e., nucleotide
bases or amino acid residues at corresponding positions)
may be visually and readily identified. The fraction or
percentage of components in common is related to the
homology or identity between the sequences. Alignments
such as those of FIG. 4 or FIG. 5 may be used to identify
conserved domains and relatedness within these domains.
An alignment may suitably be determined by means of
computer programs known in the art, such as MACVEC-
TOR software (1999) (Accelrys, Inc., San Diego, Calif.).

A “conserved domain” or “conserved region” as used
herein refers to a region in heterologous polynucleotide or
polypeptide sequences where there is a relatively high
degree of sequence identity between the distinct sequences.
For example, an “AT-hook” domain”, such as is found in a
polypeptide member of AT-hook transcription factor family,
is an example of a conserved domain. An “AP2” domain”,
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such as is found in a polypeptide member of AP2 transcrip-
tion factor family, is another example of a conserved
domain. With respect to polynucleotides encoding presently
disclosed transcription factors, a conserved domain is pref-
erably at least nine base pairs (bp) in length. A conserved
domain (for example, a DNA binding domain) with respect
to presently disclosed polypeptides refers to a domain that
exhibits at least about 38% sequence identity, or at least
about 55% sequence identity, or at least about 62% sequence
identity, or at least about 69%, or at least about 70%, or at
least about 73%, or at least about 76%, or at least about 78%,
or at least about 80%, or at least about 82%, or at least about
85%, or at least about 87%, or at least about 89%, or at least
about 95%, amino acid residue sequence identity, to a
conserved domain of a polypeptide of the invention.
Sequences that possess or encode for conserved domains
that meet these criteria of percentage identity, and may have
comparable biological activity to the present transcription
factor sequences. This is particularly true for sequences that
derive from a common ancestral sequence that had the same
or similar function, and for which the function has been
retained. These sequences, which are closely and phyloge-
netically related, being members of a particular clade of
transcription factor polypeptides, are encompassed by the
invention. A fragment or domain can be referred to as
outside a conserved domain, outside a consensus sequence,
or outside a consensus DNA-binding site that is known to
exist or that exists for a particular transcription factor class,
family, or sub-family. In this case, the fragment or domain
will not include the exact amino acids of a consensus
sequence or consensus DNA-binding site of a transcription
factor class, family or sub-family, or the exact amino acids
of a particular transcription factor consensus sequence or
consensus DNA-binding site. Furthermore, a particular frag-
ment, region, or domain of a polypeptide, or a polynucle-
otide encoding a polypeptide, can be “outside a conserved
domain” if all the amino acids of the fragment, region, or
domain fall outside of a defined conserved domain(s) for a
polypeptide or protein. Sequences having lesser degrees of
identity but comparable biological activity are considered to
be equivalents.

As one of ordinary skill in the art recognizes, conserved
domains may be identified as regions or domains of identity
to a specific consensus sequence (see, for example, Riech-
mann et al. (2000) Science 290: 2105-2110, Riechmann et al.
(2000b) Curr. Opin. Plant Biol. 3: 423-434). Thus, by using
alignment methods well known in the art, the conserved
domains of the plant transcription factors, for example, for
the AT-hook proteins (Reeves and Beckerbauer (2001) Bio-
chim. Biophys. Acta 1519: 13-29; and Reeves (2001) Gene
277: 63-81), may be determined.

The conserved domains for many of the transcription
factor sequences of the invention are listed in Table 4. A
comparison of the regions of these polypeptides allows one
of skill in the art (see, for example, Reeves and Nissen
(1995) Prog. Cell Cycle Res. 1: 339-349) to identify
domains or conserved domains for any of the polypeptides
listed or referred to in this disclosure.

“Complementary” refers to the natural hydrogen bonding
by base pairing between purines and pyrimidines. For
example, the sequence A-C-G-T (5'->3') forms hydrogen
bonds with its complements A-C-G-T (5'->3") or A-C-G-U
(5'->3"). Two single-stranded molecules may be considered
partially complementary, if only some of the nucleotides
bond, or “completely complementary” if all of the nucleo-
tides bond. The degree of complementarity between nucleic
acid strands affects the efficiency and strength of hybridiza-
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tion and amplification reactions. “Fully complementary”
refers to the case where bonding occurs between every base
pair and its complement in a pair of sequences, and the two
sequences have the same number of nucleotides.

The terms “highly stringent” or “highly stringent condi-
tion” refer to conditions that permit hybridization of DNA
strands whose sequences are highly complementary,
wherein these same conditions exclude hybridization of
significantly mismatched DNAs. Polynucleotide sequences
capable of hybridizing under stringent conditions with the
polynucleotides of the present invention may be, for
example, variants of the disclosed polynucleotide
sequences, including allelic or splice variants, or sequences
that encode orthologs or paralogs of presently disclosed
polypeptides. Nucleic acid hybridization methods are dis-
closed in detail by Kashima et al. (1985) Nature 313:
402-404, Sambrook et al. (1989) Molecular Cloning—A
Laboratory Manual (2nd Ed.), Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y., 1989 (“Sambrook™),
and by Haymes et al. (1985) Nucleic Acid Hybridization: A
Practical Approach, IRL Press, Washington, D.C., which
references are incorporated herein by reference.

In general, stringency is determined by the temperature,
ionic strength, and concentration of denaturing agents (e.g.,
formamide) used in a hybridization and washing procedure
(for a more detailed description of establishing and deter-
mining stringency, see the section “Identifying Polynucle-
otides or Nucleic Acids by Hybridization”, below). The
degree to which two nucleic acids hybridize under various
conditions of stringency is correlated with the extent of their
similarity. Thus, similar nucleic acid sequences from a
variety of sources, such as within a plant’s genome (as in the
case of paralogs) or from another plant (as in the case of
orthologs) that may perform similar functions can be iso-
lated on the basis of their ability to hybridize with known
transcription factor sequences. Numerous variations are
possible in the conditions and means by which nucleic acid
hybridization can be performed to isolate transcription factor
sequences having similarity to transcription factor
sequences known in the art and are not limited to those
explicitly disclosed herein. Such an approach may be used
to isolate polynucleotide sequences having various degrees
of similarity with disclosed transcription factor sequences,
such as, for example, encoded transcription factors having
38% or greater identity with the conserved domain of
disclosed transcription factors.

The terms “paralog” and “ortholog” are defined below in
the section entitled “Orthologs and Paralogs™. In brief,
orthologs and paralogs are evolutionarily related genes that
have similar sequences and functions. Orthologs are struc-
turally related genes in different species that are derived by
a speciation event. Paralogs are structurally related genes
within a single species that are derived by a duplication
event.

The term “equivalog” describes members of a set of
homologous proteins that are conserved with respect to
function since their last common ancestor. Related proteins
are grouped into equivalog families, and otherwise into
protein families with other hierarchically defined homology
types. This definition is provided at the Institute for
Genomic Research (TIGR) World Wide Web (www) web-
site, “tigr.org” under the heading “Terms associated with
TIGRFAMs”.

In general, the term “variant” refers to molecules with
some differences, generated synthetically or naturally, in
their base or amino acid sequences as compared to a
reference (native) polynucleotide or polypeptide, respec-
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tively. These differences include substitutions, insertions,
deletions or any desired combinations of such changes in a
native polynucleotide of amino acid sequence.

With regard to polynucleotide variants, differences
between presently disclosed polynucleotides and polynucle-
otide variants are limited so that the nucleotide sequences of
the former and the latter are closely similar overall and, in
many regions, identical. Due to the degeneracy of the
genetic code, differences between the former and latter
nucleotide sequences may be silent (i.e., the amino acids
encoded by the polynucleotide are the same, and the variant
polynucleotide sequence encodes the same amino acid
sequence as the presently disclosed polynucleotide. Variant
nucleotide sequences may encode different amino acid
sequences, in which case such nucleotide differences will
result in amino acid substitutions, additions, deletions, inser-
tions, truncations or fusions with respect to the similar
disclosed polynucleotide sequences. These variations may
result in polynucleotide variants encoding polypeptides that
share at least one functional characteristic. The degeneracy
of the genetic code also dictates that many different variant
polynucleotides can encode identical and/or substantially
similar polypeptides in addition to those sequences illus-
trated in the Sequence Listing.

Also within the scope of the invention is a variant of a
transcription factor nucleic acid listed in the Sequence
Listing, that is, one having a sequence that differs from the
one of the polynucleotide sequences in the Sequence List-
ing, or a complementary sequence, that encodes a function-
ally equivalent polypeptide (i.e., a polypeptide having some
degree of equivalent or similar biological activity) but
differs in sequence from the sequence in the Sequence
Listing, due to degeneracy in the genetic code. Included
within this definition are polymorphisms that may or may
not be readily detectable using a particular oligonucleotide
probe of the polynucleotide encoding polypeptide, and
improper or unexpected hybridization to allelic variants,
with a locus other than the normal chromosomal locus for
the polynucleotide sequence encoding polypeptide.

“Allelic variant” or “polynucleotide allelic variant” refers
to any of two or more alternative forms of a gene occupying
the same chromosomal locus. Allelic variation arises natu-
rally through mutation, and may result in phenotypic poly-
morphism within populations. Gene mutations may be
“silent” or may encode polypeptides having altered amino
acid sequence. “Allelic variant” and “polypeptide allelic
variant” may also be used with respect to polypeptides, and
in this case the terms refer to a polypeptide encoded by an
allelic variant of a gene.

“Splice variant” or “polynucleotide splice variant” as used
herein refers to alternative forms of RNA transcribed from
a gene. Splice variation naturally occurs as a result of
alternative sites being spliced within a single transcribed
RNA molecule or between separately transcribed RNA
molecules, and may result in several different forms of
mRNA transcribed from the same gene. Thus, splice variants
may encode polypeptides having different amino acid
sequences, which may or may not have similar functions in
the organism. “Splice variant” or “polypeptide splice vari-
ant” may also refer to a polypeptide encoded by a splice
variant of a transcribed mRNA.

As used herein, “polynucleotide variants” may also refer
to polynucleotide sequences that encode paralogs and
orthologs of the presently disclosed polypeptide sequences.
“Polypeptide variants” may refer to polypeptide sequences
that are paralogs and orthologs of the presently disclosed
polypeptide sequences.
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Differences between presently disclosed polypeptides and
polypeptide variants are limited so that the sequences of the
former and the latter are closely similar overall and, in many
regions, identical. Presently disclosed polypeptide
sequences and similar polypeptide variants may differ in
amino acid sequence by one or more substitutions, additions,
deletions, fusions and truncations, which may be present in
any combination. These differences may produce silent
changes and result in a functionally equivalent transcription
factor. Thus, it will be readily appreciated by those of skill
in the art, that any of a variety of polynucleotide sequences
is capable of encoding the transcription factors and tran-
scription factor homolog polypeptides of the invention. A
polypeptide sequence variant may have “conservative”
changes, wherein a substituted amino acid has similar struc-
tural or chemical properties. Deliberate amino acid substi-
tutions may thus be made on the basis of similarity in
polarity, charge, solubility, hydrophobicity, hydrophilicity,
and/or the amphipathic nature of the residues, as long as a
significant amount of the functional or biological activity of
the transcription factor is retained. For example, negatively
charged amino acids may include aspartic acid and glutamic
acid, positively charged amino acids may include lysine and
arginine, and amino acids with uncharged polar head groups
having similar hydrophilicity values may include leucine,
isoleucine, and valine; glycine and alanine; asparagine and
glutamine; serine and threonine; and phenylalanine and
tyrosine. More rarely, a variant may have “non-conserva-
tive” changes, e.g., replacement of a glycine with a trypto-
phan. Similar minor variations may also include amino acid
deletions or insertions, or both. Related polypeptides may
comprise, for example, additions and/or deletions of one or
more N-linked or O-linked glycosylation sites, or an addi-
tion and/or a deletion of one or more cysteine residues.
Guidance in determining which and how many amino acid
residues may be substituted, inserted or deleted without
abolishing functional or biological activity may be found
using computer programs well known in the art, for
example, DNASTAR software (see U.S. Pat. No. 5,840,
544).

“Fragment”, with respect to a polynucleotide, refers to a
clone or any part of a polynucleotide molecule that retains
a usable, functional characteristic. Useful fragments include
oligonucleotides and polynucleotides that may be used in
hybridization or amplification technologies or in the regu-
lation of replication, transcription or translation. A “poly-
nucleotide fragment” refers to any subsequence of a poly-
nucleotide, typically, of at least about 9 consecutive
nucleotides, preferably at least about 30 nucleotides, more
preferably at least about 50 nucleotides, of any of the
sequences provided herein. Exemplary polynucleotide frag-
ments are the first sixty consecutive nucleotides of the
transcription factor polynucleotides listed in the Sequence
Listing. Exemplary fragments also include fragments that
comprise a region that encodes an conserved domain of a
transcription factor. Exemplary fragments also include frag-
ments that comprise a conserved domain of a transcription
factor. Exemplary fragments include fragments that com-
prise an conserved domain of a transcription factor, for
example, amino acid residues 11-80 of G47 (SEQ ID NO:
66).

Fragments may also include subsequences of polypep-
tides and protein molecules, or a subsequence of the poly-
peptide. Fragments may have uses in that they may have
antigenic potential. In some cases, the fragment or domain
is a subsequence of the polypeptide which performs at least
one biological function of the intact polypeptide in substan-
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tially the same manner, or to a similar extent, as does the
intact polypeptide. For example, a polypeptide fragment can
comprise a recognizable structural motif or functional
domain such as a DNA-binding site or domain that binds to
a DNA promoter region, an activation domain, or a domain
for protein-protein interactions, and may initiate transcrip-
tion. Fragments can vary in size from as few as 3 amino acid
residues to the full length of the intact polypeptide, but are
preferably at least about 30 amino acid residues in length
and more preferably at least about 60 amino acid residues in
length.

The invention also encompasses production of DNA
sequences that encode transcription factors and transcription
factor derivatives, or fragments thereof, entirely by synthetic
chemistry. After production, the synthetic sequence may be
inserted into any of the many available expression vectors
and cell systems using reagents well known in the art.
Moreover, synthetic chemistry may be used to introduce
mutations into a sequence encoding transcription factors or
any fragment thereof.

“Derivative” refers to the chemical modification of a
nucleic acid molecule or amino acid sequence. Chemical
modifications can include replacement of hydrogen by an
alkyl, acyl, or amino group or glycosylation, pegylation, or
any similar process that retains or enhances biological
activity or lifespan of the molecule or sequence.

The term “plant” includes whole plants, shoot vegetative
organs/structures (for example, leaves, stems and tubers),
roots, flowers and floral organs/structures (for example,
bracts, sepals, petals, stamens, carpels, anthers and ovules),
seed (including embryo, endosperm, and seed coat) and fruit
(the mature ovary), plant tissue (for example, vascular
tissue, ground tissue, and the like) and cells (for example,
guard cells, egg cells, and the like), and progeny of same.
The class of plants that can be used in the method of the
invention is generally as broad as the class of higher and
lower plants amenable to transformation techniques, includ-
ing angiosperms (monocotyledonous and dicotyledonous
plants), gymnosperms, ferns, horsetails, psilophytes, lyco-
phytes, bryophytes, and multicellular algae (see for
example, FIG. 1, adapted from Daly et al. (2001) supra, FIG.
2, adapted from Ku et al. (2000) supra; and see also Tudge
(2000) in The Variety of Life, Oxford University Press, New
York, N.Y. pp. 547-606.

A “control plant” as used in the present invention refers to
a plant cell, seed, plant component, plant tissue, plant organ
or whole plant used to compare against transgenic or geneti-
cally modified plant for the purpose of identifying an
enhanced phenotype in the transgenic or genetically modi-
fied plant. A control plant may in some cases be a transgenic
plant line that comprises an empty vector or marker gene,
but does not contain the recombinant polynucleotide of the
present invention that is expressed in the transgenic or
genetically modified plant being evaluated. In general, a
control plant is a plant of the same line or variety as the
transgenic or genetically modified plant being tested. A
suitable control plant would include a genetically unaltered
or non-transgenic plant of the parental line used to generate
a transgenic plant herein.

A “transgenic plant” refers to a plant that contains genetic
material not found in a wild-type plant of the same species,
variety or cultivar. The genetic material may include a
transgene, an insertional mutagenesis event (such as by
transposon or T-DNA insertional mutagenesis), an activation
tagging sequence, a mutated sequence, a homologous
recombination event or a sequence modified by chimera-
plasty. Typically, the foreign genetic material has been
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introduced into the plant by human manipulation, but any
method can be used as one of skill in the art recognizes.

A transgenic plant may contain an expression vector or
cassette. The expression cassette typically comprises a poly-
peptide-encoding sequence operably linked (i.e., under regu-
latory control of) to appropriate inducible or constitutive
regulatory sequences that allow for the controlled expression
of polypeptide. The expression cassette can be introduced
into a plant by transformation or by breeding after transfor-
mation of a parent plant. A plant refers to a whole plant as
well as to a plant part, such as seed, fruit, leaf, or root, plant
tissue, plant cells or any other plant material, e.g., a plant
explant, as well as to progeny thereof, and to in vitro systems
that mimic biochemical or cellular components or processes
in a cell.

“Wild type” or “wild-type”, as used herein, refers to a
plant cell, seed, plant component, plant tissue, plant organ or
whole plant that has not been genetically modified or treated
in an experimental sense. Wild-type cells, seed, components,
tissue, organs or whole plants may be used as controls to
compare levels of expression and the extent and nature of
trait modification with cells, tissue or plants of the same
species in which a transcription factor expression is altered,
e.g., in that it has been knocked out, overexpressed, or
ectopically expressed.

A “trait” refers to a physiological, morphological, bio-
chemical, or physical characteristic of a plant or particular
plant material or cell. In some instances, this characteristic
is visible to the human eye, such as seed or plant size, or can
be measured by biochemical techniques, such as detecting
the protein, starch, or oil content of seed or leaves, or by
observation of a metabolic or physiological process, e.g. by
measuring tolerance to water deprivation or particular salt or
sugar concentrations, or by the observation of the expression
level of a gene or genes, e.g., by employing Northern
analysis, RT-PCR, microarray gene expression assays, or
reporter gene expression systems, or by agricultural obser-
vations such as hyperosmotic stress tolerance or yield. Any
technique can be used to measure the amount of, compara-
tive level of, or difference in any selected chemical com-
pound or macromolecule in the transgenic plants, however.

As used herein an “enhanced trait” means a characteristic
of a transgenic plant that includes, but is not limited to, an
enhance agronomic trait characterized by enhanced plant
morphology, physiology, growth and development, yield,
nutritional enhancement, disease or pest resistance, or envi-
ronmental or chemical tolerance. In more specific aspects of
this invention enhanced trait is selected from group of
enhanced traits consisting of enhanced water use efficiency,
enhanced cold tolerance, increased yield, enhanced nitrogen
use efficiency, enhanced seed protein and enhanced seed oil.
In an important aspect of the invention the enhanced trait is
enhanced yield including increased yield under non-stress
conditions and increased yield under environmental stress
conditions. Stress conditions may include, for example,
drought, shade, fungal disease, viral disease, bacterial dis-
ease, insect infestation, nematode infestation, cold tempera-
ture exposure, heat exposure, osmotic stress, reduced nitro-
gen nutrient availability, reduced phosphorus nutrient
availability and high plant density. “Yield” can be affected
by many properties including without limitation, plant
height, pod number, pod position on the plant, number of
internodes, incidence of pod shatter, grain size, efficiency of
nodulation and nitrogen fixation, efficiency of nutrient
assimilation, resistance to biotic and abiotic stress, carbon
assimilation, plant architecture, resistance to lodging, per-
cent seed germination, seedling vigor, and juvenile traits.
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Yield can also affected by efficiency of germination (includ-
ing germination in stressed conditions), growth rate (includ-
ing growth rate in stressed conditions), ear number, seed
number per ear, seed size, composition of seed (starch, oil,
protein) and characteristics of seed fill.

Increased yield of a transgenic plant of the present inven-
tion can be measured in a number of ways, including plant
volume, plant biomass, test weight, seed number per plant,
seed weight, seed number per unit area (i.e. seeds, or weight
of seeds, per acre), bushels per acre (bu/a), tonnes per acre,
tons per acre, and/or kilo per hectare. For example, maize
yield may be measured as production of shelled corn kernels
per unit of production area, for example in bushels per acre
or metric tons per hectare, often reported on a moisture
adjusted basis, for example at 15.5 percent moisture.
Increased yield may result from improved utilization of key
biochemical compounds, such as nitrogen, phosphorous and
carbohydrate, or from improved responses to environmental
stresses, such as cold, heat, drought, salt, and attack by pests
or pathogens. Recombinant DNA used in this invention can
also be used to provide plants having improved growth and
development, and ultimately increased yield, as the result of
modified expression of plant growth regulators or modifi-
cation of cell cycle or photosynthesis pathways. Also of
interest is the generation of transgenic plants that demon-
strate enhanced yield with respect to a seed component that
may or may not correspond to an increase in overall plant
yield. Such properties include enhancements in seed oil,
seed molecules such as tocopherol, protein and starch, or oil
particular oil components as may be manifest by an altera-
tion in the ratios of seed components.

“Trait modification” refers to a detectable difference in a
characteristic in a plant ectopically expressing a polynucle-
otide or polypeptide of the present invention relative to a
plant not doing so, such as a wild-type plant. In some cases,
the trait modification can be evaluated quantitatively. For
example, the trait modification can entail at least about a 2%
increase or decrease, or an even greater difference, in an
observed trait as compared with a control or wild-type plant.
It is known that there can be a natural variation in the
modified trait. Therefore, the trait modification observed
entails a change of the normal distribution and magnitude of
the trait in the plants as compared to control or wild-type
plants.

When two or more plants have “similar morphologies”,
“substantially similar morphologies™, “a morphology that is
substantially similar”, or are “morphologically similar”, the
plants have comparable forms or appearances, including
analogous features such as overall dimensions, height,
width, mass, root mass, shape, glossiness, color, stem diam-
eter, leaf size, leaf dimension, leaf density, internode dis-
tance, branching, root branching, number and form of inflo-
rescences, and other macroscopic characteristics, and the
individual plants are not readily distinguishable based on
morphological characteristics alone.

“Modulates™ refers to a change in activity (biological,
chemical, or immunological) or lifespan resulting from
specific binding between a molecule and either a nucleic
acid molecule or a protein.

The term “transcript profile” refers to the expression
levels of a set of genes in a cell in a particular state,
particularly by comparison with the expression levels of that
same set of genes in a cell of the same type in a reference
state. For example, the transcript profile of a particular
transcription factor in a suspension cell is the expression
levels of a set of genes in a cell knocking out or overex-
pressing that transcription factor compared with the expres-



US 9,447,425 B2

15

sion levels of that same set of genes in a suspension cell that
has normal levels of that transcription factor. The transcript
profile can be presented as a list of those genes whose
expression level is significantly different between the two
treatments, and the difference ratios. Differences and simi-
larities between expression levels may also be evaluated and
calculated using statistical and clustering methods.

With regard to transcription factor gene knockouts as used
herein, the term “knockout” refers to a plant or plant cell
having a disruption in at least one transcription factor gene
in the plant or cell, where the disruption results in a reduced
expression or activity of the transcription factor encoded by
that gene compared to a control cell. The knockout can be
the result of, for example, genomic disruptions, including
transposons, tilling, and homologous recombination, anti-
sense constructs, sense constructs, RNA silencing con-
structs, or RNA interference. A T-DNA insertion within a
transcription factor gene is an example of a genotypic
alteration that may abolish expression of that transcription
factor gene.

“Ectopic expression or altered expression” in reference to
a polynucleotide indicates that the pattern of expression in,
e.g., a transgenic plant or plant tissue, is different from the
expression pattern in a wild-type plant or a reference plant
of the same species. The pattern of expression may also be
compared with a reference expression pattern in a wild-type
plant of the same species. For example, the polynucleotide
or polypeptide is expressed in a cell or tissue type other than
a cell or tissue type in which the sequence is expressed in the
wild-type plant, or by expression at a time other than at the
time the sequence is expressed in the wild-type plant, or by
a response to different inducible agents, such as hormones or
environmental signals, or at different expression levels (ei-
ther higher or lower) compared with those found in a
wild-type plant. The term also refers to altered expression
patterns that are produced by lowering the levels of expres-
sion to below the detection level or completely abolishing
expression. The resulting expression pattern can be transient
or stable, constitutive or inducible. In reference to a poly-
peptide, the term “ectopic expression or altered expression”
further may relate to altered activity levels resulting from the
interactions of the polypeptides with exogenous or endog-
enous modulators or from interactions with factors or as a
result of the chemical modification of the polypeptides.

The term “overexpression” as used herein refers to a
greater expression level of a gene in a plant, plant cell or
plant tissue, compared to expression in a wild-type plant,
cell or tissue, at any developmental or temporal stage for the
gene. Overexpression can occur when, for example, the
genes encoding one or more transcription factors are under
the control of a strong promoter (e.g., the cauliflower mosaic
virus 35S transcription initiation region). Overexpression
may also under the control of an inducible or tissue specific
promoter. Thus, overexpression may occur throughout a
plant, in specific tissues of the plant, or in the presence or
absence of particular environmental signals, depending on
the promoter used.

Overexpression may take place in plant cells normally
lacking expression of polypeptides functionally equivalent
or identical to the present transcription factors. Overexpres-
sion may also occur in plant cells where endogenous expres-
sion of the present transcription factors or functionally
equivalent molecules normally occurs, but such normal
expression is at a lower level. Overexpression thus results in
a greater than normal production, or “overproduction” of the
transcription factor in the plant, cell or tissue.
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The term “transcription regulating region” refers to a
DNA regulatory sequence that regulates expression of one or
more genes in a plant when a transcription factor having one
or more specific binding domains binds to the DNA regu-
latory sequence. Transcription factors of the present inven-
tion possess an conserved domain. The transcription factors
of the invention also comprise an amino acid subsequence
that forms a transcription activation domain that regulates
expression of one or more abiotic stress tolerance genes in
a plant when the transcription factor binds to the regulating
region.

Traits which May be Modified

Trait modifications of particular interest include those to
seed (such as embryo or endosperm), fruit, root, flower, leaf,
stem, shoot, seedling or the like, including: enhanced toler-
ance to environmental conditions including freezing, chill-
ing, heat, drought, water saturation, radiation and ozone;
improved tolerance to microbial, fungal or viral diseases;
improved tolerance to pest infestations, including nema-
todes, mollicutes, parasitic higher plants or the like;
decreased herbicide sensitivity; improved tolerance of heavy
metals or enhanced ability to take up heavy metals;
improved growth under poor photoconditions (e.g., low light
and/or short day length), or changes in expression levels of
genes of interest. Other phenotype that can be modified
relate to the production of plant metabolites, such as varia-
tions in the production of taxol, tocopherol, tocotrienol,
sterols, phytosterols, vitamins, wax monomers, anti-oxi-
dants, amino acids, lignins, cellulose, tannins, prenyllipids
(such as chlorophylls and carotenoids), glucosinolates, and
terpenoids, enhanced or compositionally altered protein or
oil production (especially in seeds), or modified sugar (in-
soluble or soluble) and/or starch composition. Physical plant
characteristics that can be modified include cell develop-
ment (such as the number of trichomes), fruit and seed size
and number, yields of plant parts such as stems, leaves,
inflorescences, and roots, the stability of the seeds during
storage, characteristics of the seed pod (e.g., susceptibility to
shattering), root hair length and quantity, internode dis-
tances, or the quality of seed coat. Plant growth character-
istics that can be modified include growth rate, germination
rate of seeds, vigor of plants and seedlings, leaf and flower
senescence, male sterility, apomixis, flowering time, flower
abscission, rate of nitrogen uptake, osmotic sensitivity to
soluble sugar concentrations, biomass or transpiration char-
acteristics, as well as plant architecture characteristics such
as apical dominance, branching patterns, number of organs,
organ identity, organ shape or size.

Transcription Factors Modify Expression of Endogenous
Genes

Expression of genes which encode transcription factors
that modify expression of endogenous genes, polynucle-
otides, and proteins are well known in the art. In addition,
transgenic plants comprising isolated polynucleotides
encoding transcription factors may also modify expression
of endogenous genes, polynucleotides, and proteins.
Examples include Peng et al. (1997) Genes Develop. 11:
3194-3205) and Peng et al. (1999) Nature 400: 256-261). In
addition, many others have demonstrated that an Arabidop-
sis transcription factor expressed in an exogenous plant
species elicits the same or very similar phenotypic response.
See, for example, Fu et al. (2001) Plant Cell 13: 1791-1802);
Nandi et al. (2000) Curr. Biol. 10: 215-218); Coupland
(1995) Nature 377: 482-483); and Weigel and Nilsson
(1995) Nature 377: 482-500).

In another example, Mandel et al. (1992) Cell 71-133-
143) and Suzuki et al. (2001) Plant J. 28: 409-418) teach
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that a transcription factor expressed in another plant species
elicits the same or very similar phenotypic response of the
endogenous sequence, as often predicted in earlier studies of
Arabidopsis transcription factors in Arabidopsis (see Man-
del et al. (1992) supra; Suzuki et al. (2001) supra).

Other examples include Miiller et al. (2001) Plant J. 28:
169-179); Kim et al. (2001) Plant J. 25: 247-259); Kyozuka
and Shimamoto (2002) Plant Cell Physiol. 43: 130-135);
Boss and Thomas (2002, Nature 416: 847-850); He et al.
(2000) Tramsgenic Res. 9: 223-227); and Robson et al.
(2001) Plant J. 28: 619-631).

In yet another example, Gilmour et al. (1998) Plant J. 16:
433-442) teach an Arabidopsis AP2 transcription factor,
CBF1, which, when overexpressed in transgenic plants,
increases plant freezing tolerance. Jaglo et al (2001) Plant
Physiol. 127: 910-017) further identified sequences in Bras-
sica napus which encode CBF-like genes and that transcripts
for these genes accumulated rapidly in response to low
temperature. Transcripts encoding CBF-like proteins were
also found to accumulate rapidly in response to low tem-
perature in wheat, as well as in tomato. An alignment of the
CBF proteins from Arabidopsis, B. napus, wheat, rye, and
tomato revealed the presence of conserved amino acid
sequences, PKK/RPAGRxKFxETRHP and DSAWR, which
bracket the AP2/EREBP DNA binding domains of the
proteins and distinguish them from other members of the
AP2/EREBP protein family. (See Jaglo et al. (2001) supra.)
Polypeptides and Polynucleotides of the Invention

The present invention provides, among other things, tran-
scription factors (TFs), and transcription factor homologue
polypeptides, and isolated or recombinant polynucleotides
encoding the polypeptides, or novel variant polypeptides or
polynucleotides encoding novel variants of transcription
factors derived from the specific sequences provided here.
These polypeptides and polynucleotides may be employed
to modify a plant’s characteristic.

Exemplary polynucleotides encoding the polypeptides of
the invention were identified in the Arabidopsis thaliana
GenBank database using publicly available sequence analy-
sis programs and parameters. Sequences initially identified
were then further characterized to identify sequences com-
prising specified sequence strings corresponding to
sequence motifs present in families of known transcription
factors. In addition, further exemplary polynucleotides
encoding the polypeptides of the invention were identified in
the plant GenBank database using publicly available
sequence analysis programs and parameters. Sequences ini-
tially identified were then further characterized to identify
sequences comprising specified sequence strings corre-
sponding to sequence motifs present in families of known
transcription factors. Polynucleotide sequences meeting
such criteria were confirmed as transcription factors.

Additional polynucleotides of the invention were identi-
fied by screening Arabidopsis thaliana and/or other plant
c¢DNA libraries with probes corresponding to known tran-
scription factors under low stringency hybridization condi-
tions. Additional sequences, including full length coding
sequences were subsequently recovered by the rapid ampli-
fication of cDNA ends (RACE) procedure, using a commer-
cially available kit according to the manufacturer’s instruc-
tions. Where necessary, multiple rounds of RACE are
performed to isolate 5' and 3' ends. The full length cDNA
was then recovered by a routine end-to-end polymerase
chain reaction (PCR) using primers specific to the isolated 5'
and 3' ends. Exemplary sequences are provided in the
Sequence Listing.
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The polynucleotides of the invention can be or were
ectopically expressed in overexpressor or knockout plants
and the changes in the characteristic(s) or trait(s) of the
plants observed. Therefore, the polynucleotides and poly-
peptides can be employed to improve the characteristics of
plants.

The polynucleotides of the invention can be or were
ectopically expressed in overexpressor plant cells and the
changes in the expression levels of a number of genes,
polynucleotides, and/or proteins of the plant cells observed.
Therefore, the polynucleotides and polypeptides can be
employed to change expression levels of a genes, polynucle-
otides, and/or proteins of plants.

The polynucleotide sequences of the invention encode
polypeptides that are members of well-known transcription
factor families, including plant transcription factor families,
as disclosed in Table 4. Generally, the transcription factors
encoded by the present sequences are involved in cell
differentiation and proliferation and the regulation of
growth. Accordingly, one skilled in the art would recognize
that by expressing the present sequences in a plant, one may
change the expression of autologous genes or induce the
expression of introduced genes. By affecting the expression
of similar autologous sequences in a plant that have the
biological activity of the present sequences, or by introduc-
ing the present sequences into a plant, one may alter a plant’s
phenotype to one with improved traits. The sequences of the
invention may also be used to transform a plant and intro-
duce desirable traits not found in the wild-type cultivar or
strain. Plants may then be selected for those that produce the
most desirable degree of over- or under-expression of target
genes of interest and coincident trait improvement.

The sequences of the present invention may be from any
species, particularly plant species, in a naturally occurring
form or from any source whether natural, synthetic, semi-
synthetic or recombinant. The sequences of the invention
may also include fragments of the present amino acid
sequences. In this context, a “fragment” refers to a fragment
of a polypeptide sequence which is at least 5 to about 15
amino acids in length, most preferably at least 14 amino
acids, and which retain some biological activity of a tran-
scription factor. Where “amino acid sequence” is recited to
refer to an amino acid sequence of a naturally occurring
protein molecule, “amino acid sequence” and like terms are
not meant to limit the amino acid sequence to the complete
native amino acid sequence associated with the recited
protein molecule.

As one of ordinary skill in the art recognizes, transcription
factors can be identified by the presence of a region or
domain of structural similarity or identity to a specific
consensus sequence or the presence of a specific consensus
DNA-binding site or DNA-binding site motif (see, for
example, Riechmann et al. (2000a) supra). The plant tran-
scription factors may belong to one of the following tran-
scription factor families: the AP2 (APETALA2) domain
transcription factor family (Riechmann and Meyerowitz
(1998) Biol. Chem. 379: 633-646); the MYB transcription
factor family (ENBib; Martin and Paz-Ares (1997) Trends
Genet. 13: 67-73); the MADS domain transcription factor
family (Riechmann and Meyerowitz (1997) Biol. Chem.
378: 1079-1101); the WRKY protein family (Ishiguro and
Nakamura (1994) Mol. Gen. Genet. 244: 563-571); the
ankyrin-repeat protein family (Zhang et al. (1992) Plant Cell
4: 1575-1588); the zinc finger protein (Z) family (Klug and
Schwabe (1995) FASEB J. 9: 597-604); Takatsuji (1998)
Cell. Mol. Life. Sci. 54: 582-596); the homeobox (HB)
protein family (Buerglin (1994) in Guidebook to the Homeo-
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box Genes, Duboule (ed.) Oxford University Press); the
CAAT-element binding proteins (Forsburg and Guarente
(1989) Genes Dev. 3: 1166-1178); the squamosa promoter
binding proteins (SPB) (Klein et al. (1996) Mol. Gen. Genet.
1996 250: 7-16); the NAM protein family (Souer et al.
(1996) Cell 85: 159-170); the IAA/AUX proteins (Abel et al.
(1995) J. Mol. Biol. 251: 533-549); the HLH/MYC protein
family (Littlewood et al. (1994) Prot. Profile 1: 639-709);
the DNA-binding protein (DBP) family (Tucker et al. (1994)
EMBO J. 13: 2994-3002); the bZIP family of transcription
factors (Foster et al. (1994) FASEB J. 8: 192-200); the Box
P-binding protein (the BPF-1) family (da Costa e Silva et al.
(1993) Plant J. 4: 125-135); the high mobility group (HMG)
family (Bustin and Reeves (1996) Prog. Nucl. Acids Res.
Mol. Biol. 54: 35-100); the scarecrow (SCR) family (Di
Laurenzio et al. (1996) Cell 86: 423-433); the GF14 family
(Wu et al. (1997) Plant Physiol. 114: 1421-1431); the
polycomb (PCOMB) family (Goodrich et al. (1997) Nature
386: 44-51); the teosinte branched (TEO) family (Luo et al.
(1996) Nature 383: 794-799); the ABI3 family (Giraudat et
al. (1992) Plant Cell 4: 1251-1261); the triple helix (TH)
family (Dehesh et al. (1990) Science 250: 1397-1399); the
EIL family (Chao et al. (1997) Cell 89: 1133-44); the
AT-HOOK family (Reeves and Nissen (1990) J. Biol. Chem.
265: 8573-8582); the S1FA family (Zhou et al. (1995)
Nucleic Acids Res. 23: 1165-1169); the bZIPT2 family (Lu
and Ferl (1995) Plant Physiol. 109: 723); the YABBY family
(Bowman et al. (1999) Development 126: 2387-96); the PAZ
family (Bohmert et al. (1998) EMBO J. 17: 170-80); a
family of miscellaneous (MISC) transcription factors
including the DPBF family (Kim et al. (1997) Plant J. 11:
1237-1251) and the SPF1 family (Ishiguro and Nakamura
(1994) Mol. Gen. Genet. 244: 563-571); the GARP family
(Hall et al. (1998) Plant Cell 10: 925-936), the TUBBY
family (Boggin et al (1999) Science 286: 2119-2125), the
heat shock family (Wu (1995) Annu. Rev. Cell Dev. Biol. 11:
441-469), the ENBP family (Christiansen et al. (1996) Plant
Mol. Biol. 32: 809-821), the RING-zinc family (Jensen et al.
(1998) FEBS Letters 436: 283-287), the PDBP family (Janik
et al. (1989) Virology 168: 320-329), the PCF family (Cubas
et al. Plant J. (1999) 18: 215-22), the SRS (SHI-related)
family (Fridborg et al. (1999) Plant Cell 11: 1019-1032), the
CPP (cysteine-rich polycomb-like) family (Cvitanich et al.
(2000) Proc. Natl. Acad. Sci. 97: 8163-8168), the ARF
(auxin response factor) family (Ulmasov et al. (1999) Proc.
Natl. Acad. Sci. 96: 5844-5849), the SWI/SNF family
(Collingwood et al. (1999) J. Mol. Endocrinol. 23: 255-
275), the ACBF family (Seguin et al. (1997) Plant Mol. Biol.
35:281-291), PCGL (CG-1 like) family (da Costa e Silva et
al. (1994) Plant Mol. Biol. 25: 921-924) the ARID family
(Vazquez et al. (1999) Development 126: 733-742), the
Jumonji family (Balciunas et al. (2000), Trends Biochem.
Sci. 25: 274-276), the bZIP-NIN family (Schauser et al.
(1999) Nature 402: 191-195), the E2F family (Kaelin et al.
(1992) Cell 70: 351-364) and the GRF-like family (Knaap et
al. (2000) Plant Physiol. 122: 695-704). As indicated by any
part of the list above and as known in the art, transcription
factors have been sometimes categorized by class, family,
and sub-family according to their structural content and
consensus DNA-binding site motif, for example. Many of
the classes and many of the families and sub-families are
listed here. However, the inclusion of one sub-family and
not another, or the inclusion of one family and not another,
does not mean that the invention does not encompass
polynucleotides or polypeptides of a certain family or sub-
family. The list provided here is merely an example of the
types of transcription factors and the knowledge available
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concerning the consensus sequences and consensus DNA-
binding site motifs that help define them as known to those
of skill in the art (each of the references noted above are
specifically incorporated herein by reference). A transcrip-
tion factor may include, but is not limited to, any polypep-
tide that can activate or repress transcription of a single gene
or a number of genes. This polypeptide group includes, but
is not limited to, DNA-binding proteins, DNA-binding pro-
tein binding proteins, protein kinases, protein phosphatases,
protein methyltransferases, GTP-binding proteins, and
receptors, and the like.

In addition to methods for modifying a plant phenotype
by employing one or more polynucleotides and polypeptides
of the invention described herein, the polynucleotides and
polypeptides of the invention have a variety of additional
uses. These uses include their use in the recombinant pro-
duction (i.e., expression) of proteins; as regulators of plant
gene expression, as diagnostic probes for the presence of
complementary or partially complementary nucleic acids
(including for detection of natural coding nucleic acids); as
substrates for further reactions, e.g., mutation reactions,
PCR reactions, or the like; as substrates for cloning e.g.,
including digestion or ligation reactions; and for identifying
exogenous or endogenous modulators of the transcription
factors.

Producing Polypeptides

The polynucleotides of the invention include sequences
that encode transcription factors and transcription factor
homologue polypeptides and sequences complementary
thereto, as well as unique fragments of coding sequence, or
sequence complementary thereto. Such polynucleotides can
be, e.g., DNA or RNA, e.g., mRNA, cRNA, synthetic RNA,
genomic DNA, cDNA synthetic DNA, oligonucleotides, etc.
The polynucleotides are either double-stranded or single-
stranded, and include either, or both sense (i.e., coding)
sequences and antisense (i.e., non-coding, complementary)
sequences. The polynucleotides include the coding sequence
of a transcription factor, or transcription factor homologue
polypeptide, in isolation, in combination with additional
coding sequences (e.g., a purification tag, a localization
signal, as a fusion-protein, as a pre-protein, or the like), in
combination with non-coding sequences (e.g., introns or
inteins, regulatory elements such as promoters, enhancers,
terminators, and the like), and/or in a vector or host envi-
ronment in which the polynucleotide encoding a transcrip-
tion factor or transcription factor homologue polypeptide is
an endogenous or exogenous gene.

A variety of methods exist for producing the polynucle-
otides of the invention. Procedures for identifying and
isolating DNA clones are well known to those of skill in the
art, and are described in, e.g., Berger and Kimmel, Guide to
Molecular Cloning Techniques, Methods in Enzymology
volume 152 Academic Press, Inc., San Diego, Calif.
(“Berger”); Sambrook et al. supra, and Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., Current
Protocols, a joint venture between Greene Publishing Asso-
ciates, Inc. and John Wiley & Sons, Inc., (supplemented
through 2000) (“Ausubel”).

Alternatively, polynucleotides of the invention, can be
produced by a variety of in vitro amplification methods
adapted to the present invention by appropriate selection of
specific or degenerate primers. Examples of protocols suf-
ficient to direct persons of skill through in vitro amplifica-
tion methods, including the polymerase chain reaction
(PCR) the ligase chain reaction (LCR), Qp-replicase ampli-
fication and other RNA polymerase mediated techniques
(e.g., NASBA), e.g., for the production of the homologous
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nucleic acids of the invention are found in Berger (supra),
Sambrook (supra), and Ausubel (supra), as well as Mullis et
al., (1987) PCR Protocols A Guide to Methods and Appli-
cations (Innis et al. eds) Academic Press Inc. San Diego,
Calif. (1990) (Innis). Improved methods for cloning in vitro
amplified nucleic acids are described in Wallace et al., U.S.
Pat. No. 5,426,039. Improved methods for amplifying large
nucleic acids by PCR are summarized in Cheng et al. (1994)
Nature 369: 684-685 and the references cited therein, in
which PCR amplicons of up to 40 kb are generated. One of
skill will appreciate that essentially any RNA can be con-
verted into a double stranded DNA suitable for restriction
digestion, PCR expansion and sequencing using reverse
transcriptase and a polymerase. See, e.g., Ausubel, Sam-
brook and Berger, all supra.

Alternatively, polynucleotides and oligonucleotides of the
invention can be assembled from fragments produced by
solid-phase synthesis methods. Typically, fragments of up to
approximately 100 bases are individually synthesized and
then enzymatically or chemically ligated to produce a
desired sequence, e.g., a polynucleotide encoding all or part
of a transcription factor. For example, chemical synthesis
using the phosphoramidite method is described, e.g., by
Beaucage et al. (1981) Tetrahedron Letters 22: 1859-1869;
and Matthes et al. (1984) EMBO J. 3: 801-805. According
to such methods, oligonucleotides are synthesized, purified,
annealed to their complementary strand, ligated and then
optionally cloned into suitable vectors. And if so desired, the
polynucleotides and polypeptides of the invention can be
custom ordered from any of a number of commercial
suppliers.

Homologous Sequences

Sequences homologous, i.e., that share significant
sequence identity or similarity, to those provided in the
Sequence Listing, derived from Arabidopsis thaliana or
from other plants of choice are also an aspect of the
invention. Homologous sequences can be derived from any
plant including monocots and dicots and in particular agri-
culturally important plant species, including but not limited
to, crops such as soybean, wheat, corn, potato, cotton, rice,
rape, oilseed rape (including canola), sunflower, alfalfa,
sugarcane and turf; or fruits and vegetables, such as banana,
blackberry, blueberry, strawberry, and raspberry, cantaloupe,
carrot, cauliflower, coffee, cucumber, eggplant, grapes, hon-
eydew, lettuce, mango, melon, onion, papaya, peas, peppers,
pineapple, pumpkin, spinach, squash, sweet corn, tobacco,
tomato, watermelon, rosaceous fruits (such as apple, peach,
pear, cherry and plum) and vegetable brassicas (such as
broccoli, cabbage, cauliflower, Brussels sprouts, and kohl-
rabi). Other crops, fruits and vegetables whose phenotype
can be changed include barley, rye, millet, sorghum, currant,
avocado, citrus fruits such as oranges, lemons, grapefruit
and tangerines, artichoke, cherries, nuts such as the walnut
and peanut, endive, leek, roots, such as arrowroot, beet,
cassava, turnip, radish, yam, and sweet potato, and beans.
The homologous sequences may also be derived from
woody species, such pine, poplar and eucalyptus, or mint or
other labiates.

Orthologs and Paralogs

Several different methods are known by those of skill in
the art for identifying and defining these functionally
homologous sequences. Three general methods for defining
paralogs and orthologs are described; a paralog or ortholog
or homolog may be identified by one or more of the methods
described below.

Orthologs and paralogs are evolutionarily related genes
that have similar sequence and similar functions. Orthologs
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are structurally related genes in different species that are
derived from a speciation event. Paralogs are structurally
related genes within a single species that are derived by a
duplication event.

Within a single plant species, gene duplication may cause
two copies of a particular gene, giving rise to two or more
genes with similar sequence and similar function known as
paralogs. A paralog is therefore a similar gene with a similar
function within the same species. Paralogs typically cluster
together or in the same clade (a group of similar genes) when
a gene family phylogeny is analyzed using programs such as
CLUSTAL (Thompson et al. (1994) Nucleic Acids Res. 22:
4673-4680; Higgins et al. (1996) Methods Enzymol. 266:
383-402). Groups of similar genes can also be identified
with pair-wise BLAST analysis (Feng and Doolittle (1987)
J. Mol. Evol. 25: 351-360). For example, a clade of very
similar MADS domain transcription factors from Arabidop-
sis all share a common function in flowering time (Ratcliffe
et al. (2001) Plant Physiol. 126: 122-132), and a group of
very similar AP2 domain transcription factors from Arabi-
dopsis are involved in tolerance of plants to freezing
(Gilmour et al. (1998) Plant J. 16: 433-442). Analysis of
groups of similar genes with similar function that fall within
one clade can yield sub-sequences that are particular to the
clade. These sub-sequences, known as consensus sequences,
can not only be used to define the sequences within each
clade, but define the functions of these genes; genes within
a clade may contain paralogous or orthologous sequences
that share the same function. (See also, for example, Mount,
D. W. (2001) Bioinformatics: Sequence and Genome Analy-
sis, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. page 543.)

Speciation, the production of new species from a parental
species, can also give rise to two or more genes with similar
sequence and similar function. These genes, termed
orthologs, often have an identical function within their host
plants and are often interchangeable between species with-
out losing function. Because plants have common ancestors,
many genes in any plant species will have a corresponding
orthologous gene in another plant species. Transcription
factor gene sequences are thus conserved across diverse
eukaryotic species lines (Goodrich et al. (1993) Cell 75:
519-530; Lin et al. (1991) Nature 353: 569-571; Sadowski
et al. (1988) Nature 335: 563-564). Plants are no exception
to this observation; diverse plant species possess transcrip-
tion factors that have similar sequences and functions. It is
well known in the art that protein function can be classified
using phylogenetic analysis of gene trees combined with the
corresponding species. Functional predictions can be greatly
improved by focusing on how the genes became similar in
sequence (i.e., evolution) rather than on the sequence simi-
larity itself (Eisen, (1998) Genome Res. 8: 163-167): “[t]he
first step in making functional predictions is the generation
of a phylogenetic tree representing the evolutionary history
of the gene of interest and its homologs. Such trees are
distinct from clusters and other means of characterizing
sequence similarity because they are inferred by techniques
that help convert patterns of similarity into evolutionary
relationships . . . . After the gene tree is inferred, biologically
determined functions of the various homologs are overlaid
onto the tree. Finally, the structure of the tree and the relative
phylogenetic positions of genes of different functions are
used to trace the history of functional changes, which is then
used to predict functions of [as yet] uncharacterized genes”
(Eisen, supra). Thus, once a phylogenic tree for a gene
family of one species has been constructed using a program
such as CLUSTAL (Thompson et al. (1994) Nucleic Acids
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Res. 22: 4673-4680; Higgins et al. (1996) Methods Enzymol.
266: 383-402), potential orthologous sequences can be
placed into the phylogenetic tree and its relationship to
genes from the species of interest can be determined Once
the ortholog pair has been identified, the function of the test
ortholog can be determined by determining the function of
the reference ortholog. It is then a matter of routine to align
sequences that are most closely related by virtue of their
presence in a related clade (e.g., a group of sequences
descending from a strong node of a phylogenetic tree
representing a common ancestral sequence) using BLAST or
similar analysis, or compare similarity or identity of the
amino acid residues of these sequences and/or their con-
served domains or motifs that confer and correlate with
conserved function.

Transcription factors that are homologous to the listed
sequences will typically share at least about 30% amino acid
sequence identity, or at least about 30% amino acid sequence
identity outside of a known consensus sequence or consen-
sus DNA-binding site. More closely related transcription
factors can share at least about 50%, about 60%, about 65%,
about 70%, about 75% or about 80% or about 90% or about
95% or about 98% or more sequence identity with the listed
sequences, or with the listed sequences but excluding or
outside a known consensus sequence or consensus DNA-
binding site, or with the listed sequences excluding one or all
conserved domain. Factors that are most closely related to
the listed sequences share, e.g., at least about 85%, about
90% or about 95% or more % sequence identity to the listed
sequences, or to the listed sequences but excluding or
outside a known consensus sequence or consensus DNA-
binding site or outside one or all conserved domain. At the
nucleotide level, the sequences will typically share at least
about 40% nucleotide sequence identity, preferably at least
about 50%, about 60%, about 70% or about 80% sequence
identity, and more preferably about 85%, about 90%, about
95% or about 97% or more sequence identity to one or more
of'the listed sequences, or to a listed sequence but excluding
or outside a known consensus sequence or consensus DNA-
binding site, or outside one or all conserved domain. The
degeneracy of the genetic code enables major variations in
the nucleotide sequence of a polynucleotide while maintain-
ing the amino acid sequence of the encoded protein. Con-
served domains (for example, a DNA binding domain)
within a transcription factor family may exhibit a high
degree of sequence homology, such as at least about at least
about 65%, or at least about 69%, or at least about 70%, or
at least about 73%, or at least about 76%, or at least about
78%, or at least about 80%, or at least about 82%, or at least
about 85%, or at least about 87%, or at least about 89%, or
at least about 95%, amino acid residue sequence identity, to
a conserved domain of a transcription factor polypeptide of
the invention listed in the Sequence Listing. Transcription
factors that are homologous to the listed sequences should
share at least 30%, or at least about 60%, or at least about
75%, or at least about 80%, or at least about 90%, or at least
about 95% amino acid sequence identity over the entire
length of the polypeptide or the homolog. In addition,
transcription factors that are homologous to the listed
sequences should share at least 30%, or at least about 60%,
or at least about 75%, or at least about 80%, or at least about
90%, or at least about 95% amino acid sequence similarity
over the entire length of the polypeptide or the homolog.

Percent identity can be determined electronically, e.g., by
using the MEGALIGN program (DNASTAR, Inc. Madison,
Wis.). The MEGALIGN program can create alignments
between two or more sequences according to different
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methods, e.g., the clustal method. (See, e.g., Higgins and
Sharp (1988) Gene 73: 237-244.) The clustal algorithm
groups sequences into clusters by examining the distances
between all pairs. The clusters are aligned pairwise and then
in groups. Other alignment algorithms or programs may be
used, including FASTA, BLAST, or ENTREZ, FASTA and
BLAST. These are available as a part of the GCG sequence
analysis package (University of Wisconsin, Madison, Wis.),
and can be used with or without default settings. ENTREZ
is available through the National Center for Biotechnology
Information. In one embodiment, the percent identity of two
sequences can be determined by the GCG program with a
gap weight of 1, e.g., each amino acid gap is weighted as if
it were a single amino acid or nucleotide mismatch between
the two sequences (see U.S. Pat. No. 6,262,333).

Other techniques for alignment are described in Methods
in Enzymology, vol. 266: Computer Methods for Macromo-
lecular Sequence Analysis (1996), ed. Doolittle, Academic
Press, Inc., San Diego, Calif., USA. Preferably, an alignment
program that permits gaps in the sequence is utilized to align
the sequences. The Smith-Waterman is one type of algo-
rithm that permits gaps in sequence alignments (Shpaer
(1997) Methods Mol. Biol. 70: 173-187). Also, the GAP
program using the Needleman and Wunsch alignment
method can be utilized to align sequences. An alternative
search strategy uses MPSRCH software, which runs on a
MASPAR computer. MPSRCH uses a Smith-Waterman
algorithm to score sequences on a massively parallel com-
puter. This approach improves ability to pick up distantly
related matches, and is especially tolerant of small gaps and
nucleotide sequence errors. Nucleic acid-encoded amino
acid sequences can be used to search both protein and DNA
databases.

The percentage similarity between two polypeptide
sequences, e.g., sequence A and sequence B, is calculated by
dividing the length of sequence A, minus the number of gap
residues in sequence A, minus the number of gap residues in
sequence B, into the sum of the residue matches between
sequence A and sequence B, times one hundred. Gaps of low
or of no similarity between the two amino acid sequences are
not included in determining percentage similarity. Percent
identity between polynucleotide sequences can also be
counted or calculated by other methods known in the art,
e.g., the Jotun Hein method. (See, e.g., Hein (1990) Methods
Enzymol. 183: 626-645.) Identity between sequences can
also be determined by other methods known in the art, e.g.,
by varying hybridization conditions (see US Patent Appli-
cation No. 20010010913).

Thus, the invention provides methods for identifying a
sequence similar or paralogous or orthologous or homolo-
gous to one or more polynucleotides as noted herein, or one
or more target polypeptides encoded by the polynucleotides,
or otherwise noted herein and may include linking or
associating a given plant phenotype or gene function with a
sequence. In the methods, a sequence database is provided
(locally or across an inter or intra net) and a query is made
against the sequence database using the relevant sequences
herein and associated plant phenotypes or gene functions.

In addition, one or more polynucleotide sequences or one
or more polypeptides encoded by the polynucleotide
sequences may be used to search against a BLOCKS (Bai-
roch et al. (1997) Nucleic Acids Res. 25: 217-221), PFAM,
and other databases which contain previously identified and
annotated motifs, sequences and gene functions. Methods
that search for primary sequence patterns with secondary
structure gap penalties (Smith et al. (1992) Protein Engi-
neering 5: 35-51) as well as algorithms such as Basic Local
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Alignment Search Tool (BLAST; Altschul (1993) J. Mol.
Evol. 36: 290-300; Altschul et al. (1990) supra), BLOCKS
(Henikoff and Henikoff (1991) Nucl. Acids Res. 19: 6565-
6572), Hidden Markov Models (HMM; Eddy (1996) Curr.
Opin. Str. Biol. 6: 361-365; Sonnhammer et al. (1997)
Proteins 28: 405-420), and the like, can be used to manipu-
late and analyze polynucleotide and polypeptide sequences
encoded by polynucleotides. These databases, algorithms
and other methods are well known in the art and are
described in Ausubel et al. (1997) Short Protocols in
Molecular Biology, John Wiley & Sons, New York N.Y., unit
7.7) and in Meyers, R. A. (1995) Molecular Biology and
Biotechnology, Wiley VCH, New York N.Y., p 856-853).

Furthermore, methods using manual alignment of
sequences similar or homologous to one or more polynucle-
otide sequences or one or more polypeptides encoded by the
polynucleotide sequences may be used to identify regions of
similarity and conserved domains. Such manual methods are
well-known of those of skill in the art and can include, for
example, comparisons of tertiary structure between a poly-
peptide sequence encoded by a polynucleotide which com-
prises a known function, with a polypeptide sequence
encoded by a polynucleotide sequence which has a function
not yet determined. Such examples of tertiary structure may
comprise predicted a helices, -sheets, amphipathic helices,
leucine zipper motifs, zinc finger motifs, proline-rich
regions, cysteine repeat motifs, and the like.

V1. Identitying Polynucleotides or Nucleic Acids by Hybrid-
ization

Polynucleotides homologous to the sequences illustrated
in the Sequence Listing and tables can be identified, e.g., by
hybridization to each other under stringent or under highly
stringent conditions. Single stranded polynucleotides
hybridize when they associate based on a variety of well
characterized physical-chemical forces, such as hydrogen
bonding, solvent exclusion, base stacking and the like. The
stringency of a hybridization reflects the degree of sequence
identity of the nucleic acids involved, such that the higher
the stringency, the more similar are the two polynucleotide
strands. Stringency is influenced by a variety of factors,
including temperature, salt concentration and composition,
organic and non-organic additives, solvents, etc. present in
both the hybridization and wash solutions and incubations
(and number thereof), as described in more detail in the
references cited above. Encompassed by the invention are
polynucleotide sequences that are capable of hybridizing to
the polynucleotide sequences, listed in the Sequence Listing;
and fragments, thereof under various conditions of strin-
gency. (See, e.g., Wahl and Berger (1987) Methods Enzymol.
152:399-407; Kimmel, A. R. (1987) Methods Enzymol. 152:
507-511.) Estimates of homology are provided by either
DNA-DNA or DNA-RNA hybridization under conditions of
stringency as is well understood by those skilled in the art
(Hames and Higgins, eds. (1985) Nucleic Acid Hybridisa-
tion, IRL Press, Oxford, U.K.). Stringency conditions can be
adjusted to screen for moderately similar fragments, such as
homologous sequences from distantly related organisms, to
highly similar fragments, such as genes that duplicate func-
tional enzymes from closely related organisms. Post-hybrid-
ization washes determine stringency conditions.

In addition to the nucleotide sequences listed in Table 4,
full length ¢cDNA, orthologs, paralogs and homologs of the
present nucleotide sequences may be identified and isolated
using well known methods. The cDNA libraries orthologs,
paralogs and homologs of the present nucleotide sequences
may be screened using hybridization methods to determine
their utility as hybridization target or amplification probes.
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An example of stringent hybridization conditions for
hybridization of complementary nucleic acids which have
more than 100 complementary residues on a filter in a
Southern or northern blot is about 5° C. to 20° C. lower than
the thermal melting point (T,,) for the specific sequence at
a defined ionic strength and pH. The T,, is the temperature
(under defined ionic strength and pH) at which 50% of the
target sequence hybridizes to a perfectly matched probe.
Nucleic acid molecules that hybridize under stringent con-
ditions will typically hybridize to a probe based on either the
entire cDNA or selected portions, e.g., to a unique subse-
quence, of the cDNA under wash conditions of 0.2xSSC to
2.0xSSC, 0.1% SDS at 50-65° C. For example, high strin-
gency is about 0.2xSSC, 0.1% SDS at 65° C. Ultra-high
stringency will be the same conditions except the wash
temperature is raised about 3 to about 5° C., and ultra-ultra-
high stringency will be the same conditions except the wash
temperature is raised about 6 to about 9° C. For identifica-
tion of less closely related homologues washes can be
performed at a lower temperature, e.g., 50° C. In general,
stringency is increased by raising the wash temperature
and/or decreasing the concentration of SSC, as known in the
art.

In another example, stringent salt concentration will ordi-
narily be less than about 750 mM NaCl and 75 mM
trisodium citrate, preferably less than about 500 mM NaCl
and 50 mM trisodium citrate, and most preferably less than
about 250 mM NaCl and 25 mM trisodium citrate. Low
stringency hybridization can be obtained in the absence of
organic solvent, e.g., formamide, while high stringency
hybridization can be obtained in the presence of at least
about 35% formamide, and most preferably at least about
50% formamide. Stringent temperature conditions will ordi-
narily include temperatures of at least about 30° C., more
preferably of at least about 37° C., and most preferably of at
least about 42° C. Varying additional parameters, such as
hybridization time, the concentration of detergent, e.g.,
sodium dodecyl sulfate (SDS), and the inclusion or exclu-
sion of carrier DNA, are well known to those skilled in the
art. Various levels of stringency are accomplished by com-
bining these various conditions as needed. In a preferred
embodiment, hybridization will occur at 30° C. in 750 mM
NaCl, 75 mM trisodium citrate, and 1% SDS. In a more
preferred embodiment, hybridization will occur at 37° C. in
500 mM NaCl, 50 mM trisodium citrate, 1% SDS, 35%
formamide, and 100 pg/ml denatured salmon sperm DNA
(ssDNA). In a most preferred embodiment, hybridization
will occur at 42° C. in 250 mM NaCl, 25 mM trisodium
citrate, 1% SDS, 50% formamide, and 200 pug/ml ssDNA.
Useful variations on these conditions will be readily appar-
ent to those skilled in the art.

The washing steps that follow hybridization can also vary
in stringency. Wash stringency conditions can be defined by
salt concentration and by temperature. As above, wash
stringency can be increased by decreasing salt concentration
or by increasing temperature. For example, stringent salt
concentration for the wash steps will preferably be less than
about 30 mM NaCl and 3 mM trisodium citrate, and most
preferably less than about 15 mM NaCl and 1.5 mM
trisodium citrate. Stringent temperature conditions for the
wash steps will ordinarily include temperature of at least
about 25° C., more preferably of at least about 42° C.
Another preferred set of highly stringent conditions uses two
final washes in 0.1xSSC, 0.1% SDS at 65° C. The most
preferred high stringency washes are of at least about 68° C.
For example, in a preferred embodiment, wash steps will
occur at 25° C. in 30 mM NaCl, 3 mM trisodium citrate, and
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0.1% SDS. In a more preferred embodiment, wash steps will
occur at 42° C. in 15 mM NaCl, 1.5 mM trisodium citrate,
and 0.1% SDS. In a most preferred embodiment, the wash
steps will occur at 68° C. in 15 mM NaCl, 1.5 mM trisodium
citrate, and 0.1% SDS. Additional variations on these con-
ditions will be readily apparent to those skilled in the art (see
U.S. Patent Application No. 20010010913).

As another example, stringent conditions can be selected
such that an oligonucleotide that is perfectly complementary
to the coding oligonucleotide hybridizes to the coding
oligonucleotide with at least about a 5-10x higher signal to
noise ratio than the ratio for hybridization of the perfectly
complementary oligonucleotide to a nucleic acid encoding a
transcription factor known as of the filing date of the
application. Conditions can be selected such that a higher
signal to noise ratio is observed in the particular assay which
is used, e.g., about 15x%, 25x, 35%, 50x or more. Accordingly,
the subject nucleic acid hybridizes to the unique coding
oligonucleotide with at least a 2x higher signal to noise ratio
as compared to hybridization of the coding oligonucleotide
to a nucleic acid encoding known polypeptide. Again, higher
signal to noise ratios can be selected, e.g., about 5x, 10x,
25x%, 35x, 50x or more. The particular signal will depend on
the label used in the relevant assay, e.g., a fluorescent label,
a colorimetric label, a radioactive label, or the like.

Alternatively, transcription factor homolog polypeptides
can be obtained by screening an expression library using
antibodies specific for one or more transcription factors.
With the provision herein of the disclosed transcription
factor, and transcription factor homologue nucleic acid
sequences, the encoded polypeptide(s) can be expressed and
purified in a heterologous expression system (e.g., £. coli)
and used to raise antibodies (monoclonal or polyclonal)
specific for the polypeptide(s) in question. Antibodies can
also be raised against synthetic peptides derived from tran-
scription factor, or transcription factor homologue, amino
acid sequences. Methods of raising antibodies are well
known in the art and are described in Harlow and Lane
(1988) Antibodies: A Laboratory Manual, Cold Spring Har-
bor Laboratory, New York. Such antibodies can then be used
to screen an expression library produced from the plant from
which it is desired to clone additional transcription factor
homologues, using the methods described above. The
selected cDNAs can be confirmed by sequencing and enzy-
matic activity.

Sequence Variations

It will readily be appreciated by those of skill in the art,
that any of a variety of polynucleotide sequences are capable
of encoding the transcription factors and transcription factor
homologue polypeptides of the invention. Due to the degen-
eracy of the genetic code, many different polynucleotides
can encode identical and/or substantially similar polypep-
tides in addition to those sequences illustrated in the
Sequence Listing. Nucleic acids having a sequence that
differs from the sequences shown in the Sequence Listing, or
complementary sequences, that encode functionally equiva-
lent peptides (i.e., peptides having some degree of equiva-
lent or similar biological activity) but differ in sequence
from the sequence shown in the sequence listing due to
degeneracy in the genetic code, are also within the scope of
the invention.

Altered polynucleotide sequences encoding polypeptides
include those sequences with deletions, insertions, or sub-
stitutions of different nucleotides, resulting in a polynucle-
otide encoding a polypeptide with at least one functional
characteristic of the instant polypeptides. Included within
this definition are polymorphisms which may or may not be
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readily detectable using a particular oligonucleotide probe of
the polynucleotide encoding the instant polypeptides, and
improper or unexpected hybridization to allelic variants,
with a locus other than the normal chromosomal locus for
the polynucleotide sequence encoding the instant polypep-
tides.

Allelic variant refers to any of two or more alternative
forms of a gene occupying the same chromosomal locus.
Allelic variation arises naturally through mutation, and may
result in phenotypic polymorphism within populations.
Gene mutations can be silent (i.e., no change in the encoded
polypeptide) or may encode polypeptides having altered
amino acid sequence. The term allelic variant is also used
herein to denote a protein encoded by an allelic variant of a
gene. Splice variant refers to alternative forms of RNA
transcribed from a gene. Splice variation arises naturally
through use of alternative splicing sites within a transcribed
RNA molecule, or less commonly between separately tran-
scribed RNA molecules, and may result in several mRNAs
transcribed from the same gene. Splice variants may encode
polypeptides having altered amino acid sequence. The term
splice variant is also used herein to denote a protein encoded
by a splice variant of an mRNA transcribed from a gene.

Those skilled in the art would recognize that G47, SEQ ID
NO: 66, represents a single transcription factor; allelic
variation and alternative splicing may be expected to occur.
Allelic variants of SEQ ID NO: 65 can be cloned by probing
c¢DNA or genomic libraries from different individual organ-
isms according to standard procedures. Allelic variants of
the DNA sequence shown in SEQ ID NO: 65, including
those containing silent mutations and those in which muta-
tions result in amino acid sequence changes, are within the
scope of the present invention, as are proteins which are
allelic variants of SEQ ID NO: 66. cDNAs generated from
alternatively spliced mRNAs, which retain the properties of
the transcription factor are included within the scope of the
present invention, as are polypeptides encoded by such
c¢DNAs and mRNAs. Allelic variants and splice variants of
these sequences can be cloned by probing cDNA or genomic
libraries from different individual organisms or tissues
according to standard procedures known in the art (see U.S.
Pat. No. 6,388,064).

For example, Table 1 illustrates, e.g., that the codons
AGC, AGT, TCA, TCC, TCG, and TCT all encode the same
amino acid: serine. Accordingly, at each position in the
sequence where there is a codon encoding serine, any of the
above trinucleotide sequences can be used without altering
the encoded polypeptide.

TABLE 1
Amino acid Possible Codons
Alanine Ala A GCA GCC GCG GCU
Cysteine Cys C TGC TGT
Aspartic acid Asp D GAC GAT
Glutamic acid Glu E GAA GAG
Phenylalanine Phe F TTC TIT
Glycine Gly G GGA GGC GGG GGT
Histidine His H CAC CAT
Isoleucine Ile I ATA ATC ATT
Lysine Lys K AAA AAG
Leucine Lewm L TTA TTG CTA CTC CTG CIT
Methionine Met M ATG
Asparagine Asn N AAC AAT
Proline Pro P CCA CCC CCG CCT
Glutamine Gln Q CAA CAG
Arginine Arg R AGA AGG CGA CGC CGG CGT
Serine Ser S AGC AGT TCA TCC TCG TCT
Threonine Thr T ACA ACC ACG ACT
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TABLE 1-continued

30
TABLE 2-continued

Amino acid Possible Codons
Valine val V. GTA GTIC GTIG GIT
Tryptophan Tp W TGG
Tyrosine Tyr Y TAC TAT

Sequence alterations that do not change the amino acid
sequence encoded by the polynucleotide are termed “silent”
variations. With the exception of the codons ATG and TGG,
encoding methionine and tryptophan, respectively, any of
the possible codons for the same amino acid can be substi-
tuted by a variety of techniques, e.g., site-directed mutagen-
esis, available in the art. Accordingly, any and all such
variations of a sequence selected from the above table are a
feature of the invention.

In addition to silent variations, other conservative varia-
tions that alter one, or a few amino acids in the encoded
polypeptide, can be made without altering the function of the
polypeptide, these conservative variants are, likewise, a
feature of the invention.

For example, substitutions, deletions and insertions intro-
duced into the sequences provided in the Sequence Listing
are also envisioned by the invention. Such sequence modi-
fications can be engineered into a sequence by site-directed
mutagenesis (Wu (ed.) Meth. Enzymol. (1993) vol. 217,
Academic Press) or the other methods noted below Amino
acid substitutions are typically of single residues; insertions
usually will be on the order of about from 1 to 10 amino acid
residues; and deletions will range about from 1 to 30
residues. In preferred embodiments, deletions or insertions
are made in adjacent pairs, e.g., a deletion of two residues or
insertion of two residues. Substitutions, deletions, insertions
or any combination thereof can be combined to arrive at a
sequence. The mutations that are made in the polynucleotide
encoding the transcription factor should not place the
sequence out of reading frame and should not create comple-
mentary regions that could produce secondary mRNA struc-
ture. Preferably, the polypeptide encoded by the DNA
performs the desired function.

Conservative substitutions are those in which at least one
residue in the amino acid sequence has been removed and a
different residue inserted in its place. Such substitutions
generally are made in accordance with the Table 2 when it
is desired to maintain the activity of the protein. Table 2
shows amino acids which can be substituted for an amino
acid in a protein and which are typically regarded as
conservative substitutions.

TABLE 2

Conservative

Residue Substitutions
Ala Ser

Arg Lys

Asn Gln; His
Asp Glu

Gln Asn

Cys Ser

Glu Asp

Gly Pro

His Asn; Gln

Ile Leu, Val
Leu Ile; Val

Lys Arg; Gln
Met Leu; Ile

Phe Met; Leu; Tyr
Ser Thr; Gly
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Conservative

Residue Substitutions
Thr Ser; Val

Trp Tyr

Tyr Trp; Phe
Val Ile; Leu

Similar substitutions are those in which at least one
residue in the amino acid sequence has been removed and a
different residue inserted in its place. Such substitutions
generally are made in accordance with the Table 3 when it
is desired to maintain the activity of the protein. Table 3
shows amino acids which can be substituted for an amino
acid in a protein and which are typically regarded as
structural and functional substitutions. For example, a resi-
due in column 1 of Table 3 may be substituted with residue
in column 2; in addition, a residue in column 2 of Table 3
may be substituted with the residue of column 1.

TABLE 3
Residue Similar Substitutions
Ala Ser; Thr; Gly; Val; Leu; Ile
Arg Lys; His; Gly
Asn Gln; His; Gly; Ser; Thr
Asp Glu, Ser; Thr
Gln Asn; Ala
Cys Ser; Gly
Glu Asp
Gly Pro; Arg
His Asn; Gln; Tyr; Phe; Lys; Arg
Ile Ala; Leu; Val; Gly; Met
Leu Ala; Ile; Val; Gly; Met
Lys Arg; His; Gln; Gly; Pro
Met Leu; Ile; Phe
Phe Met; Lew; Tyr; Trp; His; Val; Ala
Ser Thr; Gly; Asp; Ala; Val; Ile; His
Thr Ser; Val; Ala; Gly
Trp Tyr; Phe; His
Tyr Trp; Phe; His
Val Ala; Ile; Leu; Gly; Thr; Ser; Glu

Substitutions that are less conservative than those in Table
2 can be selected by picking residues that differ more
significantly in their effect on maintaining (a) the structure
of the polypeptide backbone in the area of the substitution,
for example, as a sheet or helical conformation, (b) the
charge or hydrophobicity of the molecule at the target site,
or (c) the bulk of the side chain. The substitutions which in
general are expected to produce the greatest changes in
protein properties will be those in which (a) a hydrophilic
residue, e.g., seryl or threonyl, is substituted for (or by) a
hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl,
valyl or alanyl; (b) a cysteine or proline is substituted for (or
by) any other residue; (¢) a residue having an electropositive
side chain, e.g., lysyl, arginyl, or histidyl, is substituted for
(or by) an electronegative residue, e.g., glutamyl or aspartyl;
or (d) a residue having a bulky side chain, e.g., phenylala-
nine, is substituted for (or by) one not having a side chain,
e.g., glycine.
Further Modifying Sequences of the Invention—Mutation/
Forced Evolution

In addition to generating silent or conservative substitu-
tions as noted, above, the present invention optionally
includes methods of modifying the sequences of the
Sequence Listing. In the methods, nucleic acid or protein
modification methods are used to alter the given sequences
to produce new sequences and/or to chemically or enzy-
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matically modify given sequences to change the properties
of the nucleic acids or proteins.

Thus, in one embodiment, given nucleic acid sequences
are modified, e.g., according to standard mutagenesis or
artificial evolution methods to produce modified sequences.
The modified sequences may be created using purified
natural polynucleotides isolated from any organism or may
be synthesized from purified compositions and chemicals
using chemical means well know to those of skill in the art.
For example, Ausubel, supra, provides additional details on
mutagenesis methods. Artificial forced evolution methods
are described, for example, by Stemmer (1994) Nature 370:
389-391, Stemmer (1994) Proc. Natl. Acad. Sci. USA 91:
10747-10751, and U.S. Pat. Nos. 5,811,238, 5,837,500, and
6,242,568. Methods for engineering synthetic transcription
factors and other polypeptides are described, for example,
by Zhang et al. (2000) J. Biol. Chem. 275: 33850-33860, Liu
et al. (2001) J. Biol. Chem. 276: 11323-11334, and Isalan et
al. (2001) Nature Biotechnol. 19: 656-660. Many other
mutation and evolution methods are also available and
expected to be within the skill of the practitioner.

Similarly, chemical or enzymatic alteration of expressed
nucleic acids and polypeptides can be performed by standard
methods. For example, sequence can be modified by addi-
tion of lipids, sugars, peptides, organic or inorganic com-
pounds, by the inclusion of modified nucleotides or amino
acids, or the like. For example, protein modification tech-
niques are illustrated in Ausubel, supra. Further details on
chemical and enzymatic modifications can be found herein.
These modification methods can be used to modify any
given sequence, or to modify any sequence produced by the
various mutation and artificial evolution modification meth-
ods noted herein.

Accordingly, the invention provides for modification of
any given nucleic acid by mutation, evolution, chemical or
enzymatic modification, or other available methods, as well
as for the products produced by practicing such methods,
e.g., using the sequences herein as a starting substrate for the
various modification approaches.

For example, optimized coding sequence containing
codons preferred by a particular prokaryotic or eukaryotic
host can be used e.g., to increase the rate of translation or to
produce recombinant RNA transcripts having desirable
properties, such as a longer half-life, as compared with
transcripts produced using a non-optimized sequence. Trans-
lation stop codons can also be modified to reflect host
preference. For example, preferred stop codons for Saccha-
romyces cerevisiae and mammals are TAA and TGA, respec-
tively. The preferred stop codon for monocotyledonous
plants is TGA, whereas insects and E. coli prefer to use TAA
as the stop codon.

The polynucleotide sequences of the present invention
can also be engineered in order to alter a coding sequence for
a variety of reasons, including but not limited to, alterations
which modity the sequence to facilitate cloning, processing
and/or expression of the gene product. For example, altera-
tions are optionally introduced using techniques which are
well known in the art, e.g., site-directed mutagenesis, to
insert new restriction sites, to alter glycosylation patterns, to
change codon preference, to introduce splice sites, etc.

Furthermore, a fragment or domain derived from any of
the polypeptides of the invention can be combined with
domains derived from other transcription factors or synthetic
domains to modify the biological activity of a transcription
factor. For instance, a DNA-binding domain derived from a
transcription factor of the invention can be combined with
the activation domain of another transcription factor or with
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a synthetic activation domain. A transcription activation
domain assists in initiating transcription from a DNA-
binding site. Examples include the transcription activation
region of VP16 or GAL4 (Moore et al. (1998) Proc. Natl.
Acad. Sci. USA 95:376-381; and Aoyama et al. (1995) Plant
Cell 7: 1773-1785), peptides derived from bacterial
sequences (Ma and Ptashne (1987) Cell 51; 113-119) and
synthetic peptides (Giniger and Ptashne, (1987) Nature 330:
670-672).

Expression and Modification of Polypeptides

Typically, polynucleotide sequences of the invention are
incorporated into recombinant DNA (or RNA) molecules
that direct expression of polypeptides of the invention in
appropriate host cells, transgenic plants, in vitro translation
systems, or the like. Due to the inherent degeneracy of the
genetic code, nucleic acid sequences which encode substan-
tially the same or a functionally equivalent amino acid
sequence can be substituted for any listed sequence to
provide for cloning and expressing the relevant homologue.
Vectors, Promoters, and Expression Systems

The present invention includes recombinant constructs
comprising one or more of the nucleic acid sequences
herein. The constructs typically comprise a vector, such as a
plasmid, a cosmid, a phage, a virus (e.g., a plant virus), a
bacterial artificial chromosome (BAC), a yeast artificial
chromosome (YAC), or the like, into which a nucleic acid
sequence of the invention has been inserted, in a forward or
reverse orientation. In a preferred aspect of this embodi-
ment, the construct further comprises regulatory sequences,
including, for example, a promoter, operably linked to the
sequence. Large numbers of suitable vectors and promoters
are known to those of skill in the art, and are commercially
available.

General texts that describe molecular biological tech-
niques useful herein, including the use and production of
vectors, promoters and many other relevant topics, include
Berger, Sambrook and Ausubel, supra. Any of the identified
sequences can be incorporated into a cassette or vector, e.g.,
for expression in plants. A number of expression vectors
suitable for stable transformation of plant cells or for the
establishment of transgenic plants have been described
including those described in Weissbach and Weissbach,
(1989) Methods for Plant Molecular Biology, Academic
Press, and Gelvin et al., (1990) Plant Molecular Biology
Manual, Kluwer Academic Publishers. Specific examples
include those derived from a Ti plasmid of Agrobacterium
tumefaciens, as well as those disclosed by Herrera-Estrella
et al. (1983) Nature 303: 209, Bevan (1984) Nucl Acid Res.
12: 8711-8721, Klee (1985) Bio/Technology 3: 637-642, for
dicotyledonous plants.

Alternatively, non-Ti vectors can be used to transfer the
DNA into monocotyledonous plants and cells by using free
DNA delivery techniques. Such methods can involve, for
example, the use of liposomes, electroporation, micropro-
jectile bombardment, silicon carbide whiskers, and viruses.
By using these methods transgenic plants such as wheat, rice
(Christou (1991) Bio/Technology 9: 957-962) and corn (Gor-
don-Kamm (1990) Plant Cell 2: 603-618) can be produced.
An immature embryo can also be a good target tissue for
monocots for direct DNA delivery techniques by using the
particle gun (Weeks et al. (1993) Plant Physiol. 102: 1077-
1084; Vasil (1993) Bio/Technology 10: 667-674; Wan and
Lemeaux (1994) Plant Physiol. 104: 37-48, and for Agro-
bacterium-mediated DNA transfer (Ishida et al. (1996)
Nature Biotech. 14: 745-750).

Typically, plant transformation vectors include one or
more cloned plant coding sequence (genomic or cDNA)
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under the transcriptional control of 5' and 3' regulatory
sequences and a dominant selectable marker. Such plant
transformation vectors typically also contain a promoter
(e.g., a regulatory region controlling inducible or constitu-
tive, environmentally- or developmentally-regulated, or
cell- or tissue-specific expression), a transcription initiation
start site, an RNA processing signal (such as intron splice
sites), a transcription termination site, and/or a polyade-
nylation signal.

Examples of constitutive plant promoters which can be
useful for expressing the TF sequence include: the cauli-
flower mosaic virus (CaMV) 35S promoter, which confers
constitutive, high-level expression in most plant tissues (see,
e.g., Odell et al. (1985) Narure 313: 810-812); the nopaline
synthase promoter (An et al. (1988) Plant Physiol. 88:
547-552); and the octopine synthase promoter (Fromm et al.
(1989) Plant Cell 1: 977-984).

A variety of plant gene promoters that regulate gene
expression in response to environmental, hormonal, chemi-
cal, developmental signals, and in a tissue-active manner can
be used for expression of a TF sequence in plants. Choice of
a promoter is based largely on the phenotype of interest and
is determined by such factors as tissue (e.g., seed, fruit, root,
pollen, vascular tissue, flower, carpel, etc.), inducibility
(e.g., in response to wounding, heat, cold, drought, light,
pathogens, etc.), timing, developmental stage, and the like.
Numerous known promoters have been characterized and
can favorably be employed to promote expression of a
polynucleotide of the invention in a transgenic plant or cell
of interest. For example, tissue specific promoters include:
seed-specific promoters (such as the napin, phaseolin or
DC3 promoter described in U.S. Pat. No. 5,773,697), fruit-
specific promoters that are active during fruit ripening (such
as the dru 1 promoter (U.S. Pat. No. 5,783,393), or the 2A11
promoter (U.S. Pat. No. 4,943,674) and the tomato polyga-
lacturonase promoter (Bird et al. (1988) Plant Mol. Biol. 11:
651), root-specific promoters, such as those disclosed in
U.S. Pat. Nos. 5,618,988, 5,837,848 and 5,905,186, pollen-
active promoters such as PTA29, PTA26 and PTA13 (U.S.
Pat. No. 5,792,929), promoters active in vascular tissue
(Ringli and Keller (1998) Plant Mol Biol. 37: 977-988),
flower-specific (Kaiser et al, (1995) Plant Mol. Biol. 28:
231-243), pollen (Baerson et al. (1994) Plant Mol. Biol. 126:
1947-1959), carpels (Ohl et al. (1990) Plant Cell 2: 837-
848), pollen and ovules (Baerson et al. (1993) Plant Mol.
Biol. 22: 255-267), auxin-inducible promoters (such as that
described in van der Kop et al. (1999) Plant Mol. Biol. 39:
979-990 or Baumann et al. (1999) Plant Cell 11: 323-334),
cytokinin-inducible promoter (Guevara-Garcia (1998) Plant
Mol. Biol. 38: 743-753), promoters responsive to gibberellin
(Shi et al. (1998) Plant Mol. Biol. 38: 1053-1060, Willmott
et al. (1998) Plant Mol. Biol. 38: 817-825) and the like.
Additional promoters are those that elicit expression in
response to heat (Ainley et al. (1993) Plant Mol. Biol. 22:
13-23), light (e.g., the pea rbcS-3 A promoter, Kuhlemeier et
al. (1989) Plant Cell 1: 471, and the maize rbcS promoter,
Schaffner and Sheen (1991) Plant Cell 3: 997); wounding
(e.g., wunl, Sicbertz et al. (1989) Plant Cell 1: 961);
pathogens (such as the PR-1 promoter described in Buchel
et al. (1999) Plant Mol. Biol. 40: 387-396, and the PDF1.2
promoter described in Manners et al. (1998) Plant Mol. Biol.
38: 1071-80), and chemicals such as methyl jasmonate or
salicylic acid (Gatz et al. (1997) Plant Mol. Biol. 48:
89-108). In addition, the timing of the expression can be
controlled by using promoters such as those acting at
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senescence (An and Amazon (1995) Science 270: 1986-
1988); or late seed development (Odell et al. (1994) Plant
Physiol. 106: 447-458).

Plant expression vectors can also include RNA processing
signals that can be positioned within, upstream or down-
stream of the coding sequence. In addition, the expression
vectors can include additional regulatory sequences from the
3'-untranslated region of plant genes, e.g., a 3' terminator
region to increase mRNA stability of the mRNA, such as the
PI-II terminator region of potato or the octopine or nopaline
synthase 3' terminator regions.

The following represent specific examples of expression
constructs used to overexpress sequences of the invention.
The choice of promoters may include, for example, the
constitutive CaMV 35S promoter, the STM shoot apical
meristem-specific promoter, the CUT1 epidermal-specific
promoter, the LTP1 epidermal-specific promoter, the SUC2
vascular-specific promoter, the RBCS3 leaf-specific pro-
moter, the ARSK1 root-specific promoter, the RD29A stress
inducible promoter, the AP1 floral meristem-specific pro-
moter (SEQ ID NO: 209-217, respectively). Many of these
examples have been used to produce transgenic plants.
These or other inducible or tissue-specific promoters may be
incorporated into an expression vector comprising a tran-
scription factor polynucleotide of the invention, where the
promoter is operably linked to the transcription factor poly-
nucleotide, can be envisioned and produced.

P894 (SEQ ID NO: 218) contained a 35S::G47 direct
fusion and carries KanR. The construct contains a G47
cDNA clone.

An alternative means of overexpressing G47 makes use of
the two constructs P6506 (SEQ ID NO: 233; 35S::LexA-
GALA4TA) and P3853 (SEQ ID NO: 224; opLexA::G47),
which together constituted a two-component system for
expression of G47 from the 35S promoter. A kanamycin
resistant transgenic line containing P6506 was established,
and this was then supertransformed with the P3853 construct
containing a cDNA clone of G47 and a sulfonamide resis-
tance marker.

P1572 (SEQ ID NO: 219) comprised a 35S::(G2133 direct
promoter fusion and carries KanR. The construct contains a
cDNA clone of G2133

P23456 (SEQ ID NO: 220) contained a 35S::G3649 direct
promoter fusion and carries KanR. The construct contains a
cDNA clone of G3649.

P23455 (SEQ ID NO: 221) contained a 35S::G3644 direct
promoter fusion and carries KanR. The construct contains a
cDNA clone of G3644.

P23465 (SEQ ID NO: 222) contained a 35S::(G3643 direct
fusion and carries KanR. The construct harbors a cDNA
clone of G3643.

P25402 (SEQ ID NO: 223) contained a 35S::G3650 direct
fusion and carries KanR. The construct contains a cDNA
clone.

The two constructs P5318 (SEQ ID NO: 225; STM::
LexA-GAILA4ATA) and P3853 (SEQ ID NO: 224; opLexA::
G47) together constitute a two-component system for
expression of G47 from the STM promoter. Kanamycin
resistant transgenic lines containing P5318 were established
(lines #5 and #10), and these were then supertransformed
with the P3853 construct containing a cDNA clone of G47
and a sulfonamide resistance marker.

The two constructs P5288 (SEQ ID NO: 226; CUT1:
LexA-GAILA4ATA) and P3853 (SEQ ID NO: 224; opLexA::
G47) together constitute a two-component system for
expression of G47 from the CUT1 promoter. A kanamycin
resistant transgenic line containing P5288 was established,
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and this was then supertransformed with the P3853 construct
containing a cDNA clone of G47 and a sulfonamide resis-
tance marker.

The two constructs P5284 (SEQ ID NO: 235; RBCS3:
LexA-GAL4TA) and P3853 (SEQ ID NO: 224; opLexA::
G47) together constituted a two-component system for
expression of G47 from the RBCS3 promoter. A kanamycin
resistant transgenic line containing P5284 was established,
and this was then supertransformed with the P3853 construct
containing a cDNA clone of G47 and a sulfonamide resis-
tance marker.

The two constructs P5290 (SEQ ID NO: 234; SUC2:
LexA-GAL4TA) and P3853 (SEQ ID NO: 224; opLexA::
G47) together constitute a two-component system for
expression of G47 from the SUC2 promoter. A kanamycin
resistant transgenic line containing P5290 was established,
and this was then supertransformed with the P3853 construct
containing a cDNA clone of G47 and a sulfonamide resis-
tance marker.

The two constructs P5311 (SEQ ID NO: 236; ARSK1::
LexA-GAL4TA) and P3853 (SEQ ID NO: 224; opLexA::
G47) together constitute a two-component system for
expression of G47 from the ARSK1 promoter. A kanamycin
resistant transgenic line containing P5311 was established,
and this was then supertransformed with the P3853 construct
containing a cDNA clone of G47 and a sulfonamide resis-
tance marker.

The two constructs P9002 (SEQ ID NO: 237; RD29A::
LexA-GAL4TA) and P3853 (SEQ ID NO: 224; opLexA::
G47) together constitute a two-component system for
expression of G47 from the RD29A promoter. A kanamycin
resistant transgenic line (#5) containing P9002 was estab-
lished, and this was then supertransformed with the P3853
construct containing a cDNA clone of G47 and a sulfona-
mide resistance marker.

The two constructs P5326 (SEQ ID NO: 238; AP1::LexA-
GALATA) and P3853 (SEQ ID NO: 224; opLexA::G47)
together constitute a two-component system for expression
of G47 from the AP1 promoter. A kanamycin resistant
transgenic line containing P5326 was established, and this
was then supertransformed with the P3853 construct con-
taining a cDNA clone of G47 and a sulfonamide resistance
marker.

P25186 (SEQ ID NO: 239) contains a 35S::GAL4-G47
fusion and carries KanR (addition to the G47 protein of a
strong transcription activation domain from the yeast GAL4
gene). SEQ ID NO: 240 is the predicted polypeptide that
results expression of the vector comprising SEQ ID NO:
239.

P25279 (SEQ ID NO: 241) carries a >°S::G47-GFP fusion
directly fused to the 35S promoter and a KanR marker. SEQ
1D NO: 242 is the predicted polypeptide that results expres-
sion of the vector comprising SEQ ID NO: 239.

Similar to constructs made with G47, other vectors may
be produced that incorporate a promoter and other transcrip-
tion factor polynucleotide combination. For example, the
two constructs P9002 (SEQ ID NO: 237; RD29A::LexA-
GALA4TA) and P4361 (SEQ ID NO: 227; opLexA::G2133)
together constitute a two-component system for expression
ot G2133 from the RD29A promoter. A kanamycin resistant
transgenic line containing P9002 was established, and this
was then supertransformed with the P4361 construct con-
taining a cDNA clone of G2133 and a sulfonamide resis-
tance marker.

Additional Expression Elements

Specific initiation signals can aid in efficient translation of

coding sequences. These signals can include, e.g., the ATG
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initiation codon and adjacent sequences. In cases where a
coding sequence, its initiation codon and upstream
sequences are inserted into the appropriate expression vec-
tor, no additional translational control signals may be
needed. However, in cases where only coding sequence
(e.g., a mature protein coding sequence), or a portion
thereof, is inserted, exogenous transcriptional control sig-
nals including the ATG initiation codon can be separately
provided. The initiation codon is provided in the correct
reading frame to facilitate transcription. Exogenous tran-
scriptional elements and initiation codons can be of various
origins, both natural and synthetic. The efficiency of expres-
sion can be enhanced by the inclusion of enhancers appro-
priate to the cell system in use.

Expression Hosts

The present invention also relates to host cells which are
transduced with vectors of the invention, and the production
of polypeptides of the invention (including fragments
thereof) by recombinant techniques. Host cells are geneti-
cally engineered (i.e., nucleic acids are introduced, e.g.,
transduced, transformed or transfected) with the vectors of
this invention, which may be, for example, a cloning vector
or an expression vector comprising the relevant nucleic
acids herein. The vector is optionally a plasmid, a viral
particle, a phage, a naked nucleic acid, etc. The engineered
host cells can be cultured in conventional nutrient media
modified as appropriate for activating promoters, selecting
transformants, or amplifying the relevant gene. The culture
conditions, such as temperature, pH and the like, are those
previously used with the host cell selected for expression,
and will be apparent to those skilled in the art and in the
references cited herein, including, Sambrook and Ausubel.

The host cell can be a eukaryotic cell, such as a yeast cell,
or a plant cell, or the host cell can be a prokaryotic cell, such
as a bacterial cell. Plant protoplasts are also suitable for
some applications. For example, the DNA fragments are
introduced into plant tissues, cultured plant cells or plant
protoplasts by standard methods including electroporation
(Fromm et al. (1985) Proc. Natl. Acad. Sci. USA 82:
5824-5828, infection by viral vectors such as cauliflower
mosaic virus (CaMV) (Hohn et al. (1982) Molecular Biol-
ogy of Plant Tumors, (Academic Press, New York) pp.
549-560; U.S. Pat. No. 4,407,956), high velocity ballistic
penetration by small particles with the nucleic acid either
within the matrix of small beads or particles, or on the
surface (Klein et al., (1987) Nature 327: 70-73), use of
pollen as vector (WO 85/01856), or use of Agrobacterium
tumefaciens or A. rhizogenes carrying a T-DNA plasmid in
which DNA fragments are cloned. The T-DNA plasmid is
transmitted to plant cells upon infection by Agrobacterium
tumefaciens, and a portion is stably integrated into the plant
genome (Horsch et al. (1984) Science 233: 496-498; Fraley
et al. (1983) Proc. Natl. Acad. Sci. USA 80: 4803-4807).

The cell can include a nucleic acid of the invention which
encodes a polypeptide, wherein the cells expresses a poly-
peptide of the invention. The cell can also include vector
sequences, or the like. Furthermore, cells and transgenic
plants that include any polypeptide or nucleic acid above or
throughout this specification, e.g., produced by transduction
of a vector of the invention, are an additional feature of the
invention.

For long-term, high-yield production of recombinant pro-
teins, stable expression can be used. Host cells transformed
with a nucleotide sequence encoding a polypeptide of the
invention are optionally cultured under conditions suitable
for the expression and recovery of the encoded protein from
cell culture. The protein or fragment thereof produced by a
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recombinant cell may be secreted, membrane-bound, or
contained intracellularly, depending on the sequence and/or
the vector used. As will be understood by those of skill in the
art, expression vectors containing polynucleotides encoding
mature proteins of the invention can be designed with signal
sequences which direct secretion of the mature polypeptides
through a prokaryotic or eukaryotic cell membrane.
Modified Amino Acid Residues

Polypeptides of the invention may contain one or more
modified amino acid residues. The presence of modified
amino acids may be advantageous in, for example, increas-
ing polypeptide half-life, reducing polypeptide antigenicity
or toxicity, increasing polypeptide storage stability, or the
like. Amino acid residue(s) are modified, for example,
co-translationally or post-translationally during recombinant
production or modified by synthetic or chemical means.

Non-limiting examples of a modified amino acid residue
include incorporation or other use of acetylated amino acids,
glycosylated amino acids, sulfated amino acids, prenylated
(e.g., farnesylated, geranylgeranylated) amino acids, PEG
modified (e.g., “PEGylated”) amino acids, biotinylated
amino acids, carboxylated amino acids, phosphorylated
amino acids, etc. References adequate to guide one of skill
in the modification of amino acid residues are replete
throughout the literature.

The modified amino acid residues may prevent or increase
affinity of the polypeptide for another molecule, including,
but not limited to, polynucleotide, proteins, carbohydrates,
lipids and lipid derivatives, and other organic or synthetic
compounds.

Identification of Additional Factors

A transcription factor provided by the present invention
can also be used to identify additional endogenous or
exogenous molecules that can affect a phenotype or trait of
interest. On the one hand, such molecules include organic
(small or large molecules) and/or inorganic compounds that
affect expression of (i.e., regulate) a particular transcription
factor. Alternatively, such molecules include endogenous
molecules that are acted upon either at a transcriptional level
by a transcription factor of the invention to modify a
phenotype as desired. For example, the transcription factors
can be employed to identify one or more downstream gene
with which is subject to a regulatory effect of the transcrip-
tion factor. In one approach, a transcription factor or tran-
scription factor homologue of the invention is expressed in
a host cell, e.g., a transgenic plant cell, tissue or explant, and
expression products, either RNA or protein, of likely or
random targets are monitored, e.g., by hybridization to a
microarray of nucleic acid probes corresponding to genes
expressed in a tissue or cell type of interest, by two-
dimensional gel electrophoresis of protein products, or by
any other method known in the art for assessing expression
of gene products at the level of RNA or protein. Alterna-
tively, a transcription factor of the invention can be used to
identify promoter sequences (i.e., binding sites) involved in
the regulation of a downstream target. After identifying a
promoter sequence, interactions between the transcription
factor and the promoter sequence can be modified by
changing specific nucleotides in the promoter sequence or
specific amino acids in the transcription factor that interact
with the promoter sequence to alter a plant trait. Typically,
transcription factor DNA-binding sites are identified by gel
shift assays. After identifying the promoter regions, the
promoter region sequences can be employed in double-
stranded DNA arrays to identify molecules that affect the
interactions of the transcription factors with their promoters
(Bulyk et al. (1999) Nature Biotechnol. 17: 573-577).
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The identified transcription factors are also useful to
identify proteins that modify the activity of the transcription
factor. Such modification can occur by covalent modifica-
tion, such as by phosphorylation, or by protein-protein
(homo or -heteropolymer) interactions. Any method suitable
for detecting protein-protein interactions can be employed.
Among the methods that can be employed are co-immuno-
precipitation, cross-linking and co-purification through gra-
dients or chromatographic columns, and the two-hybrid
yeast system.

The two-hybrid system detects protein interactions in vivo
and is described in Chien et al. ((1991), Proc. Natl. Acad.
Sci. USA 88: 9578-9582) and is commercially available from
Clontech (Palo Alto, Calif.). In such a system, plasmids are
constructed that encode two hybrid proteins: one consists of
the DNA-binding domain of a transcription activator protein
fused to the TF polypeptide and the other consists of the
transcription activator protein’s activation domain fused to
an unknown protein that is encoded by a cDNA that has been
recombined into the plasmid as part of a cDNA library. The
DNA-binding domain fusion plasmid and the cDNA library
are transformed into a strain of the yeast Saccharomyces
cerevisiae that contains a reporter gene (e.g., lacZ) whose
regulatory region contains the transcription activator’s bind-
ing site. Either hybrid protein alone cannot activate tran-
scription of the reporter gene. Interaction of the two hybrid
proteins reconstitutes the functional activator protein and
results in expression of the reporter gene, which is detected
by an assay for the reporter gene product. Then, the library
plasmids responsible for reporter gene expression are iso-
lated and sequenced to identify the proteins encoded by the
library plasmids. After identifying proteins that interact with
the transcription factors, assays for compounds that interfere
with the TF protein-protein interactions can be preformed.
Identification of Modulators

In addition to the intracellular molecules described above,
extracellular molecules that alter activity or expression of a
transcription factor, either directly or indirectly, can be
identified. For example, the methods can entail first placing
a candidate molecule in contact with a plant or plant cell.
The molecule can be introduced by topical administration,
such as spraying or soaking of a plant, and then the mol-
ecule’s effect on the expression or activity of the TF poly-
peptide or the expression of the polynucleotide monitored.
Changes in the expression of the TF polypeptide can be
monitored by use of polyclonal or monoclonal antibodies,
gel electrophoresis or the like. Changes in the expression of
the corresponding polynucleotide sequence can be detected
by use of microarrays, Northerns, quantitative PCR, or any
other technique for monitoring changes in mRNA expres-
sion. These techniques are exemplified in Ausubel et al.
(eds) Current Protocols in Molecular Biology, John Wiley &
Sons (1998, and supplements through 2001). Such changes
in the expression levels can be correlated with modified
plant traits and thus identified molecules can be useful for
soaking or spraying on fruit, vegetable and grain crops to
modify traits in plants.

Essentially any available composition can be tested for
modulatory activity of expression or activity of any nucleic
acid or polypeptide herein. Thus, available libraries of
compounds such as chemicals, polypeptides, nucleic acids
and the like can be tested for modulatory activity. Often,
potential modulator compounds can be dissolved in aqueous
or organic (e.g., DMSO-based) solutions for easy delivery to
the cell or plant of interest in which the activity of the
modulator is to be tested. Optionally, the assays are designed
to screen large modulator composition libraries by automat-
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ing the assay steps and providing compounds from any
convenient source to assays, which are typically run in
parallel (e.g., in microtiter formats on microtiter plates in
robotic assays).

In one embodiment, high throughput screening methods
involve providing a combinatorial library containing a large
number of potential compounds (potential modulator com-
pounds). Such “combinatorial chemical libraries” are then
screened in one or more assays, as described herein, to
identify those library members (particular chemical species
or subclasses) that display a desired characteristic activity.
The compounds thus identified can serve as target com-
pounds.

A combinatorial chemical library can be, e.g., a collection
of diverse chemical compounds generated by chemical
synthesis or biological synthesis. For example, a combina-
torial chemical library such as a polypeptide library is
formed by combining a set of chemical building blocks (e.g.,
in one example, amino acids) in every possible way for a
given compound length (i.e., the number of amino acids in
a polypeptide compound of a set length). Exemplary librar-
ies include peptide libraries, nucleic acid libraries, antibody
libraries (see, e.g., Vaughn et al. (1996) Nature Biotechnol.,
14: 309-314 and PCT/US96/10287), carbohydrate libraries
(see, e.g., Liang et al. Science (1996) 274: 1520-1522 and
U.S. Pat. No. 5,593,853), peptide nucleic acid libraries (see,
e.g., U.S. Pat. No. 5,539,083), and small organic molecule
libraries (see, e.g., benzodiazepines, Baum Chem. Eng.
News January 18, page 33 (1993); isoprenoids, U.S. Pat. No.
5,569,588, thiazolidinones and metathiazanones, U.S. Pat.
No. 5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and
5,519,134; morpholino compounds, U.S. Pat. No. 5,506,
337) and the like.

Preparation and screening of combinatorial or other
libraries is well known to those of skill in the art. Such
combinatorial chemical libraries include, but are not limited
to, peptide libraries (see, e.g., U.S. Pat. No. 5,010,175; Furka
(1991) Int. J. Pept. Prot. Res. 37: 487-493; and Houghton et
al. (1991) Nature 354: 84-88). Other chemistries for gener-
ating chemical diversity libraries can also be used.

In addition, as noted, compound screening equipment for
high-throughput screening is generally available, e.g., using
any of a number of well known robotic systems that have
also been developed for solution phase chemistries useful in
assay systems. These systems include automated worksta-
tions including an automated synthesis apparatus and robotic
systems utilizing robotic arms. Any of the above devices are
suitable for use with the present invention, e.g., for high-
throughput screening of potential modulators. The nature
and implementation of modifications to these devices (if
any) so that they can operate as discussed herein will be
apparent to persons skilled in the relevant art.

Indeed, entire high throughput screening systems are
commercially available. These systems typically automate
entire procedures including all sample and reagent pipetting,
liquid dispensing, timed incubations, and final readings of
the microplate in detector(s) appropriate for the assay. These
configurable systems provide high throughput and rapid start
up as well as a high degree of flexibility and customization.
Similarly, microfiuidic implementations of screening are
also commercially available.

The manufacturers of such systems provide detailed pro-
tocols the various high throughput. Thus, for example,
Zymark Corp. provides technical bulletins describing
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screening systems for detecting the modulation of gene
transcription, ligand binding, and the like. The integrated
systems herein, in addition to providing for sequence align-
ment and, optionally, synthesis of relevant nucleic acids, can
include such screening apparatus to identify modulators that
have an effect on one or more polynucleotides or polypep-
tides according to the present invention.

In some assays it is desirable to have positive controls to
ensure that the components of the assays are working
properly. At least two types of positive controls are appro-
priate. That is, known transcriptional activators or inhibitors
can be incubated with cells/plants/etc. in one sample of the
assay, and the resulting increase/decrease in transcription
can be detected by measuring the resulting increase in
RNA/protein expression, etc., according to the methods
herein. It will be appreciated that modulators can also be
combined with transcriptional activators or inhibitors to find
modulators that inhibit transcriptional activation or tran-
scriptional repression. Either expression of the nucleic acids
and proteins herein or any additional nucleic acids or
proteins activated by the nucleic acids or proteins herein, or
both, can be monitored.

In an embodiment, the invention provides a method for
identifying compositions that modulate the activity or
expression of a polynucleotide or polypeptide of the inven-
tion. For example, a test compound, whether a small or large
molecule, is placed in contact with a cell, plant (or plant
tissue or explant), or composition comprising the polynucle-
otide or polypeptide of interest and a resulting effect on the
cell, plant, (or tissue or explant) or composition is evaluated
by monitoring, either directly or indirectly, one or more of:
expression level of the polynucleotide or polypeptide, activ-
ity (or modulation of the activity) of the polynucleotide or
polypeptide. In some cases, an alteration in a plant pheno-
type can be detected following contact of a plant (or plant
cell, or tissue or explant) with the putative modulator, e.g.,
by modulation of expression or activity of a polynucleotide
or polypeptide of the invention. Modulation of expression or
activity of a polynucleotide or polypeptide of the invention
may also be caused by molecular elements in a signal
transduction second messenger pathway and such modula-
tion can affect similar elements in the same or another signal
transduction second messenger pathway.

Subsequences

Also contemplated are uses of polynucleotides, also
referred to herein as oligonucleotides, typically having at
least 12 bases, preferably at least 15, more preferably at least
20, 30, or 50 bases, which hybridize under at least highly
stringent (or ultra-high stringent or ultra-ultra-high stringent
conditions) conditions to a polynucleotide sequence
described above. The polynucleotides may be used as
probes, primers, sense and antisense agents, and the like,
according to methods as noted supra.

Subsequences of the polynucleotides of the invention,
including polynucleotide fragments and oligonucleotides are
useful as nucleic acid probes and primers. An oligonucle-
otide suitable for use as a probe or primer is at least about
15 nucleotides in length, more often at least about 18
nucleotides, often at least about 21 nucleotides, frequently at
least about 30 nucleotides, or about 40 nucleotides, or more
in length. A nucleic acid probe is useful in hybridization
protocols, e.g., to identify additional polypeptide homo-
logues of the invention, including protocols for microarray
experiments. Primers can be annealed to a complementary
target DNA strand by nucleic acid hybridization to form a
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hybrid between the primer and the target DNA strand, and
then extended along the target DNA strand by a DNA
polymerase enzyme. Primer pairs can be used for amplifi-
cation of a nucleic acid sequence, e.g., by the polymerase
chain reaction (PCR) or other nucleic-acid amplification
methods. See Sambrook and Ausubel, supra.

In addition, the invention includes an isolated or recom-
binant polypeptide including a subsequence of at least about
15 contiguous amino acids encoded by the recombinant or
isolated polynucleotides of the invention. For example, such
polypeptides, or domains or fragments thereof, can be used
as immunogens, e.g., to produce antibodies specific for the
polypeptide sequence, or as probes for detecting a sequence
of interest. A subsequence can range in size from about 15
amino acids in length up to and including the full length of
the polypeptide.

To be encompassed by the present invention, an expressed
polypeptide which comprises such a polypeptide subse-
quence performs at least one biological function of the intact
polypeptide in substantially the same manner, or to a similar
extent, as does the intact polypeptide. For example, a
polypeptide fragment can comprise a recognizable structural
motif or functional domain such as a DNA binding domain
that binds to a specific DNA promoter region, an activation
domain or a domain for protein-protein interactions.
Production of Transgenic Plants
Modification of Traits

The polynucleotides of the invention are favorably
employed to produce transgenic plants with various traits, or
characteristics, that have been modified in a desirable man-
ner, e.g., to improve the seed characteristics of a plant. For
example, alteration of expression levels or patterns (e.g.,
spatial or temporal expression patterns) of one or more of the
transcription factors (or transcription factor homologues) of
the invention, as compared with the levels of the same
protein found in a wild type plant, can be used to modify a
plant’s traits. An illustrative example of trait modification,
improved characteristics, by altering expression levels of a
particular transcription factor is described further in the
Examples and the Sequence Listing.

Arabidopsis as a Model System

Arabidopsis thaliana is the object of rapidly growing
attention as a model for genetics and metabolism in plants.
Arabidopsis has a small genome, and well documented
studies are available. It is easy to grow in large numbers and
mutants defining important genetically controlled mecha-
nisms are either available, or can readily be obtained.
Various methods to introduce and express isolated homolo-
gous genes are available (see Koncz, et al., eds. Methods in
Arabidopsis Research. et al. (1992), World Scientific, New
Jersey, N.J.,, in “Preface”). Because of its small size, short
life cycle, obligate autogamy and high fertility, Arabidopsis
is also a choice organism for the isolation of mutants and
studies in morphogenetic and development pathways, and
control of these pathways by transcription factors (Koncz,
supra, p. 72). A number of studies introducing transcription
factors into 4. thaliana have demonstrated the utility of this
plant for understanding the mechanisms of gene regulation
and trait alteration in plants. See, for example, Koncz, supra,
and U.S. Pat. No. 6,417,428).

Arabidopsis Genes in Transgenic Plants.

Expression of genes which encode transcription factors
modify expression of endogenous genes, polynucleotides,
and proteins are well known in the art. In addition, trans-
genic plants comprising isolated polynucleotides encoding
transcription factors may also modify expression of endog-
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enous genes, polynucleotides, and proteins. Examples
include Peng et al. (1997) Genes Develop. 11: 3194-3205)
and Peng et al. (1999) Nature 400: 256-261). In addition,
many others have demonstrated that an Arabidopsis tran-
scription factor expressed in an exogenous plant species
elicits the same or very similar phenotypic response. See, for
example, Fu et al. (2001) Plant Cell 13: 1791-1802); Nandi
et al. (2000) Curr. Biol. 10: 215-218); Coupland (1995)
Nature 377: 482-483); and Weigel and Nilsson (1995,
Nature 377: 482-500).

Homologous Genes Introduced into Transgenic Plants.

Homologous genes that may be derived from any plant, or
from any source whether natural, synthetic, semi-synthetic
or recombinant, and that share significant sequence identity
or similarity to those provided by the present invention, may
be introduced into plants, for example, crop plants, to confer
desirable or improved traits. Consequently, transgenic plants
may be produced that comprise a recombinant expression
vector or cassette with a promoter operably linked to one or
more sequences homologous to presently disclosed
sequences. The promoter may be, for example, a plant or
viral promoter.

The invention thus provides for methods for preparing
transgenic plants, and for modifying plant traits. These
methods include introducing into a plant a recombinant
expression vector or cassette comprising a functional pro-
moter operably linked to one or more sequences homolo-
gous to presently disclosed sequences. Plants and kits for
producing these plants that result from the application of
these methods are also encompassed by the present inven-
tion.

Traits of Interest

Examples of some of the traits that may be desirable in
plants, and that may be provided by transforming the plants
with the presently disclosed sequences, are listed in Tables
4 and 6.

The first column of Table 4 shows the polynucleotide SEQ
ID NO; the second column shows the Mendel Gene ID No.,
GID; the third column shows the transcription factor family
to which the polynucleotide belongs; the fourth column
shows the category of the trait; the fifth column shows the
trait(s) resulting from the knock out or overexpression of the
polynucleotide in the transgenic plant; the sixth column
(“Comment™), includes specific effects and utilities con-
ferred by the polynucleotide of the first column; the seventh
column shows the SEQ ID NO of the polypeptide encoded
by the polynucleotide; and the eighth column shows the
amino acid residue positions of the conserved domain in
amino acid (AA) co-ordinates.

The first column (Col. 1) of Table 4 lists the SEQ ID NO:
of presently disclosed polynucleotide sequences. The second
column lists the corresponding GID number. The third
column shows the transcription factor family in which each
of'the respective sequences is found. The fourth column lists
the conserved domains in amino acid coordinates of the
respective encoded polypeptide sequences. The fifth and
sixth columns list the trait category and specific traits
observed for plants overexpressing the respective sequences
(except where noted as “KO” in Col. 2 for plants in which
the respective sequence was knocked out).
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TABLE 4

Sequences of the invention and the traits they confer in plants

Col. 1 Col. 4
SEQ ID Col. 2 Col. 3 Conserved  Col. 5 Col. 6
NO: GID No.  Family domains Trait Category Observed trait(s)
1 Gl1272 PAZ 800-837 Seed glucosinolates Decrease in seed
glucosinolate M39497
3 Gl506 GATA/Zn 7-33 Seed glucosinolates Increase in glucosinolates
M39502 and M39498
5  G1897 Z-Dof 34-62 Seed glucosinolates Increase in seed
glucosinolates M39491
and M39493
7 G1946 HS 37-128 Seed glucosinolates Increase in seed
glucosinolate M39501
Increased tolerance to
phosphate-free media
9 G2113 AP2 55-122 Seed glucosinolates Decrease in seed
glucosinolate M39497,
increase of glucosinolates
M39501, M39494 and
M39478
11 G2117 bZIP 46-106 Seed glucosinolates Decrease in M39496
13 @G2155 AT-hook 18-38 Seed glucosinolates Increase in M39497
Plant size Large plant size
15 G2290 WRKY 147-205 Seed glucosinolates Increase in M39496
17 G2340 MYB- 14-120 Seed glucosinolates Altered glucosinolate
(R1)R2R3 profile
21 G353 Z-C2H2 41-61, Seed glucosinolates Increase in M39494
84-104
23 G484 CAAT 11-104 Seed glucosinolates Altered glucosinolate
(KO) profile
25 G674 MYB- 20-120 Seed glucosinolates Increase in M39501
(R1)R2R3
27  G1052 bZIP 201-261 Seed preny! lipids Decrease in lutein and
increase in xanthophyll 1
29 G1328 MYB- 14-119 Seed preny! lipids Decreased seed lutein
(R1)R2R3
31 G1930 AP2 59-124, Seed preny! lipids Increased chlorophyll a
179-273 and b content
C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay
33 G214 MYB-related 25-71 Seed prenyl lipids; Increased seed lutein;
leaf fatty acids; increased leaf fatty acids;
prenyl lipids increased chlorophyll,
carotenoids
Plant size Larger biomass
(increased leaf number
and size
Prenyl lipids Darker green in
vegetative and
reproductive tissues due
to a higher chlorophyll
content in the later stages
of development
35 G2509 AP2 89-156 Seed preny! lipids Increase in a-tocopherol
37 G2520 HLH/MYC 139-197 Seed prenyl lipids; Increase in seed d-
leaf glucosinolates tocopherol and decrease
in seed y-tocopherol.;
increase in M39478
C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay
39 G259 HS 40-131 Seed preny! lipids Increase in a-tocopherol
41 G490 CAAT 48-143 Seed preny! lipids Increase in seed d-
tocopherol
43 G652 Z-CLDSH 28-49, Seed prenyl lipids; Increase in a-tocopherol;
137-151,  leaf glucosinolates increase in M39480
182-196
45 G748 Z-Dof 112-140 Seed preny! lipids Increased lutein content
47 (G883 WRKY 245-302 Seed preny! lipids Decreased seed lutein
49 G20 AP2 68-144 Seed sterols Increase in campesterol
51 G974 AP2 80-147 Seed oil content Altered seed oil content
53 G2343 MYB- 14-116 Seed oil content Increased seed oil content
(R1)R2R3
55 G1777 RING/C3HC4 124-247 Seed oil and protein  Increased seed oil content

content

and decreased seed
protein

44
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TABLE 4-continued

Sequences of the invention and the traits they confer in plants

Col. 1

SEQ ID Col. 2

NO: GID No.

Col. 4
Col. 3 Conserved
Family domains

Col. 5
Trait Category

Col. 6
Observed trait(s)

57

59

61

63

65

67
69

71

73

75

77

79

81

83

G229

G663

G362

G2105

G47

G2123
G1266

G1337

G1399

G1465

G1512

G1537

G2136

G2147

MYB- 14120
(R1)R2R3

MYB- 9-111
(R1)R2R3
Z-C2H2 62-82

TH 100-153

AP2 11-80

GF14 99-109
AP2 79-147

Z-CO-like 9-75

AT-hook 86-93

NAC 242-306

RING/C3HC4 39-93
HB 14-74
MADS 43-100

HLH/MYC 163-220

Biochemistry: other

Biochemistry: other

Biochemistry: other

Biochemistry: other

Flowering Time
Biochemistry: other
Abiotic stress
tolerance

Biochemistry: other
Leaf fatty acids,
insoluble sugars;

C/N sensing

Leaf fatty acids
Sugar sensing
Leaf fatty acids

Leaf fatty acids

Leaf fatty acids
Leaf fatty acids
Leaf fatty acids

Leaf fatty acids

Up-regulation of genes
involved in secondary
metabolism; Genes
coding for enzymes
involved in alkaloid
biosynthesis including
indole-3-glycerol
phosphatase and
strictosidine synthase
were induced; genes for
enzymes involved in
aromatic amino acid
biosynthesis were also
up-regulated including
tryptophan synthase and
tyrosine transaminase.
Phenylalanine ammonia
lyase, chalcone synthase
and trans-cinnamate
mono-oxygenase,
involved in
phenylpropenoid
biosynthesis, were also
induced

Increased anthocyanins in
leaf, root, seed
Increased trichome
density and trichome
products; increased
anthocyanins in various
tissues

Increased trichome
density and trichome
products

Increased lignin content
Increased cold tolerance
Increased drought
tolerance

Increased desiccation
tolerance

Increased salt tolerance
Late flowering

Dark green

Increased leaf size, larger
rosettes and/or increased
amount of vegetative
tissue

Putative 14-3-3 protein
Changes in leaf fatty
acids, insoluble sugars,
decreased sensitivity to
ABA

Increased tolerance to
low nitrogen conditions
in C/N sensing assay
Increase in the amount of
oleic acid

Decreased tolerance to
sucrose

Increase of the percentage
of the 16:0 fatty acid
Increases in the
percentages of 16:0, 16:1,
18:0 and 18:2 and
decreases in 16:3 and
18:3 fatty acids

Increase in 18:2 fatty
acids

Altered leaf fatty acid
composition

Decrease in 18:3 fatty
acid

Increase in 16:0, increase
in 18:2 fatty acids
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TABLE 4-continued

Sequences of the invention and the traits they confer in plants

Col. 1 Col. 4
SEQ ID Col. 2 Col. 3 Conserved  Col. 5 Col. 6
NO: GID No.  Family domains Trait Category Observed trait(s)

85 G377 RING/C3H2C3 85-128 Leaf fatty acids Increased 18:2 and
decreased 18:3 leaf fatty
acids

87 G962 NAC 53-175 Leaf fatty acids Increased 16:0 and
decreased 18:3 leaf fatty
acids

89 G975 AP2 4-71 Leaf fatty acids Increased wax in leaves
Increased C29, C31, and
C33 alkanes increased up
to 10-fold compared to
control plants;

More drought tolerant
than controls

C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay

91 G987 SCR 395-462,  Leaf fatty acids; leaf  Reduction in 16:3 fatty

525-613,  prenyl lipids acids; altered chlorophyll,
1027-1102, tocopherol, carotenoid
1162-1255
93  G1069 AT-hook 67-74 Leaf and seed Altered leaf glucosinolate
glucosinolates composition
Increased seed
glucosinolate M39497
Increased 16:0 fatty acid,
decreased 18:2 fatty acids,
decreased sensitivity to
ABA
C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay

95 G1198 bZIP 173-223 Leaf glucosinolates Increase in M39481

97 Gl1322 MYB- 26-130 Leaf glucosinolates Increase in M39480

(R1)R2R3 C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay

99 Gl421 AP2 74-151 Leaf glucosinolates Increased leaf content of
glucosinolate M39482

101 G1794 AP2 182-249 Leaf glucosinolates Increased leaf content of
glucosinolate M39480
103 G2144 HLH/MYC 207-265 Leaf glucosinolates Increased leaf content of
glucosinolate M39480
C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay
105 G2512 AP2 79-147 Leaf glucosinolates Increased leaf content of
glucosinolate M39481
C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay
107 G2552 HLH/MYC 124-181 Leaf glucosinolates Increased leaf content of
glucosinolate M39480
109 G264 HS 23-114 Leaf glucosinolates Increased leaf content of
glucosinolate M39481
111 G681 MYB- 14-120 Leaf glucosinolates Increased leaf content of
(R1)R2R3 glucosinolate M39480
113 Gl012 WRKY 30-86 Leaf insoluble sugars Decreased rhamnose
115 G1309 MYB- 9-114 Leaf insoluble sugars Increased mannose
(R1)R2R3
117 G158 MADS 2-57 Leaf insoluble sugars Increased rhamnose
119  Gl641 MYB-related 32-82, Leaf insoluble sugars Increased rhamnose
141-189
121 G1865 GRF-like 45-162 Leaf insoluble sugars Increased galactose,
decreased xylose
123 G209%4 GATA/Zn 43-68 Leaf insoluble sugars Increase in arabinose
125 G211 MYB- 24-137 Leaf insoluble sugars Increase in xylose
(R1)R2R3
127 G242 MYB- 6-105 Leaf insoluble sugars Increased arabinose
(R1)R2R3
129 G2589 MADS 1-57 Leaf insoluble sugars Increase in arabinose
131 G274 AKR 94-600 Leaf insoluble sugars Increased leaf arabinose
133 G598 DBP 205-263 Leaf insoluble sugars  Altered insoluble sugars;

(increased galactose
levels)
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TABLE 4-continued

Sequences of the invention and the traits they confer in plants

Col. 1 Col. 4
SEQ ID Col. 2 Col. 3 Conserved  Col. 5 Col. 6
NO: GID No.  Family domains Trait Category Observed trait(s)
135 G1543 HB 135-195 Leaf prenyl lipids Increase in chlorophyll a
and b
Increased biomass
137 G280 AT-hook 97-104, 130- Leaf preny! lipids Increased & and y-
137-155-162, tocopherol
185-192
139 G2131 AP2 50-121, Leaf sterols Increase in campesterol
146-217 C/N sensing Increased tolerance to
low nitrogen conditions
in C/N sensing assay
141  G2424 MYB- 107-219 Leaf sterols Increase in stigmastanol
(R1)R2R3
143 (G2583 AP2 4-71 Leaf wax Glossy leaves, increased
Flowering time epicuticular wax content
or altered composition
Late developing, late
flowering time
147 G977 AP2 5-72 Leaf wax Altered epicuticular wax
content or composition
151  G2133 AP2 11-82 Flowering Time Increased cold tolerance
Biochemistry: other Increased drought
Abiotic stress tolerance
tolerance Increased desiccation
tolerance
Increased salt tolerance
Late flowering
Dark green
Increased leaf size and/or
larger rosette
Increased seed size
157  G3643 AP2 14-79 Flowering Time Increased cold tolerance
Biochemistry: other Increased drought
Abiotic stress tolerance
tolerance Increased desiccation
tolerance
Increased heat tolerance
Late flowering
Dark green
Larger plants
155 G3644 AP2 55-102 Flowering Time Increased salt tolerance
Biochemistry: other Late flowering
Abiotic stress Dark green
tolerance Large seedlings
Large rosettes with long,
broad leaves
153 G3649 AP2 18-61 Flowering Time Increased cold tolerance
Biochemistry: other Increased drought
Abiotic stress tolerance
Increased desiccation
tolerance
Decreased heat tolerance
tolerance Late flowering
Dark green

Larger rosettes
Large cauline leaves
145  G1387 AP2 4-68 Few lines of
overexpressors have been
produced or examined
149 G4294 AP2 5-72 Overexpressors not yet
produced or examined

Abbreviations: KO—knockout

Table 5 lists a summary of orthologous and homologous shows the plant species from which the test sequence was
sequences identified using BLAST (tblastx program). The 4, isolated (Test Sequence Species), and the sixth column
first column shows the polynucleotide sequence identifier shows the orthologous or homologous test sequence Gen-
(SEQ ID NO), the second column shows the corresponding Bank annotation (Test Sequence GenBank Annotation).
c¢DNA identifier (Gene ID), the third column shows the Of the identified sequences homologous to the Arabidop-
orthologous or homologous polynucleotide GenBank Acces- sis sequences provided in Table 5, the percent sequence

sion Number (Test Sequence ID), the fourth column shows 65 identity among these sequences can be as low as 47%, or
the calculated probability value that the sequence identity is even lower sequence identity. The entire NCBI GenBank
due to chance (Smallest Sum Probability), the fifth column database was filtered for sequences from all plants except
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Arabidopsis thaliana by selecting all entries in the NCBI
GenBank database associated with NCBI taxonomic 1D
33090 (Viridiplantae; all plants) and excluding entries asso-
ciated with taxonomic ID 3701 (Arabidopsis thaliana).
These sequences are compared to those listed in the
Sequence Listing, using the Washington University
TBLASTX algorithm (version 2.0al19MP) at the default
settings using gapped alignments with the filter “off”. For
each sequence listed in the Sequence Listing, individual
comparisons were ordered by probability score (P-value),
where the score reflects the probability that a particular

52

alignment occurred by chance. For example, a score of
3.6e-40 is 3.6x107*°. In addition to P-values, comparisons
were also scored by percentage identity. Percentage identity
reflects the degree to which two segments of DNA or protein
are identical over a particular length. The identified homolo-
gous polynucleotide and polypeptide sequences and
homologs of the Arabidopsis polynucleotides and polypep-
tides may be orthologs of the Arabidopsis polynucleotides
and polypeptides and/or closely, phylogenetically-related
sequences.

TABLE 5

Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation
19 G671 G2340/17 1.0E-103 Arabidopsis thaliana
BG269414 G2340/17 1.60E-45 Mesembryanthemum  L0-3478T3 Ice plant
crystallinum Lambda Un
BG448527 G2340/17 5.30E-41 Medicago truncatula  NFO036F04RT1F1032
Developing root
Medica
AlI730649 G2340/17 1.10E-40 Gossypium hirsutum  BNLGHi7595 Six-
day Cotton fiber
Gossypiu
AW706006 G2340/17 1.20E-39 Glycine max sk64f05.yl Gm-
¢1016 Glycine max
cDNA clone GENO
PHMYBPH31 G2340/17 1.60E-39 Petunia x hybrida P.hybrida myb.Ph3
gene encoding protein
AJ491024 G2340/17 4.10E-39 Lycopersicon EST241733 tomato
esculentum shoot, Cornell Lyc
AMMIXTA G2340/17 1.40E-38 Antirvhinum majus A.majus mixta
mRNA.
OSMYB1355 G2340/17 2.40E-38 Oryza sativa O.sativa mRNA for
myb factor, 1355 bp.
BE495300 G2340/17 2.80E-37 Secale cereale WHE1268__F02_ K04ZS
Secale cereale
anther cDNA
BG300704 G2340/17 4.70E-36 Hordeum vulgare HVSMEb0018B0O3f
Hordeum vulgare
seedling sho
gi2605617 G2340/17 1.50E-44 Oryza sativa OSMYBI.
gi20563 G2340/17 7.30E-42 Petunia x hybrida protein 1.
gi485867 G2340/17 4.00E-41 Antirvhinum majus mixta.
gi437327 G2340/17 2.00E-39 Gossypium hirsutum  MYB A; putative.
gi19051 G2340/17 3.10E-39 Hordeum vulgare MybHv1.
gi227030 G2340/17 3.10E-39 Hordeum vulgare myb-related gene
var. distichum Hvl.
gil101770 G2340/17 6.40E-38 Picea mariana MYB-like
transcriptional factor
MBFI.
gi1430846 G2340/17 6.30E-36 Lycopersicon myb-related
esculentum transcription factor.
gi5139814 G2340/17 2.50E-35 Glycine max GmMYB29B2.
gi6651292 G2340/17 1.70E-34 Pimpinella myb-related
brachycarpa transcription factor.
257 G1752 G1266/69 1E-60 Arabidopsis thaliana
258 @G2512 G1266/69 5E-41 Arabidopsis thaliana
259  G5185 G1266/69 7E-34 Zea mays
260  G5183 G1266/69 7E-39 Oryza sativa
261 G5184 G1266/69 1E-60 Glycine max
262  G5186 G1266/69 7E-38 Glycine max
263  G3972 G1266/69 2E-40 Nicotiana tabacum
264  G3973 G1266/69 2E-56 Nicotiana tabacum
265  G3979 G1266/69 1E-57 Solanum
lycopersicum
266  G5170 G1266/69 5E-39 Solanum
lycopersicum
145 G1387 G2583/143  6.00E-72 Arabidopsis thaliana
89 G975 G2583/143  3.00E-56 Arabidopsis thaliana
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TABLE 5-continued

Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation
149 G4294 G2583/143  2.00E-49 Oryza sativa
AW928465 G2583/143  1.40E-43 Lycopersicon EST337253 tomato
esculentum flower buds 8 mm t
BE023297 G2583/143  2.40E-42 Glycine max sm80el0.yl Gm-
¢1015 Glycine max
cDNA clone GENO
AP0O03615 G2583/143  1.60E-30 Oryza sativa chromosome 6 clone
PO486H12, ***
SEQUENCING IN
AU088998 G2583/143  2.90E-21 Lotus japonicus AU088998 Lotus
japonicus flower bud
cDNA Lo
AT001828 G2583/143  4.60E-20 Brassica rapa subsp.  AT001828 Flower
pekinensis bud ¢cDNA Br
BG415973 G2583/143  2.40E-18 Hordeum vulgare HVSMEKOO09E06f
Hordeum vulgare
testa/perica
BF647090 G2583/143  3.80E-17 Medicago truncatula  NFO07TAO6EC1F1038
Elicited cell culture
BG560598 G2583/143  2.90E-16 Sorghum RHIZ2_59_D07.b1__A003
propingquum Rhizome2
(RHIZ2) So
AWO011200 G2583/143  6.60E-16 Pinus taeda ST17HOR Pine
TriplEx shoot tip
library Pinus ta
BF479478 G2583/143  1.60E-15 Mesembryanthemum  148-3155T3 Ice plant
crystallinum Lambda U
gil9507 G2583/143  1.40E-16 Lupinus polyphyllus put. pPLZ2 product
(AA 1-164).
gi10798644 G2583/143  1.00E-12 Nicotiana tabacum AP2 domain-
containing
transcription fac
gi8571476 G2583/143  4.70E-12 Atriplex hortensis apetala? domain-
containing protein.
gi2213783 G2583/143  8.40E-12 Lycopersicon Pti5.
esculentum
gi8809573 G2583/143  5.30E-11 Nicotiana sylvestris ethylene-responsive
element binding
gi4099914 G2583/143  8.A40E-11 Stylosanthes hamata  ethylene-responsive
element binding p
gi6478845 G2583/143  8.90E-11 Matricaria ethylene-responsive
chamomilla element binding
gi15290041 G2583/143  9.40E-11 Oryza sativa hypothetical protein.
gil12225884 G2583/143  1.70E-10 Zea mays unnamed protein
product.
gi3264767 G2583/143  3.40E-10 Prunus armeniaca AP2 domain
containing protein.
242 G361 G362/61 7.0Ee-17 Arabidopsis thaliana
244 (2826 G362/61 5.0E-14 Arabidopsis thaliana
246 (2838 G362/61 2.0E-12 Arabidopsis thaliana
248 (G1995 G362/61 5.0E-10 Arabidopsis thaliana
250 G370 G362/61 5.0E-10 Arabidopsis thaliana
BG581135 G362/61 1.70E-19 Medicago truncatula  EST482865 GVN
Medicago truncatula
cDNA
BI206903 G362/61 7.70E-18 Lycopersicon EST524943 ¢TOS
esculentum Lycopersicon esculen
BG047435 G362/61 7.30E-17 Glycine max saa7lcl2.yl Gm-
¢1060 Glycine max
cDNA clone GEN
AP003214 G362/61 3.00E-12 Oryza sativa chromosome 1 clone
OSINBa0083M16,
*** SEQUENCI
BE366047 G362/61 6.40E-12 Sorghum bicolor PI1_30_G05.b2__A002
Pathogen induced 1
(PI1)
BF616974 G362/61 1.90E-05 Hordeum vulgare HVSMEc0014C08f

Hordeum vulgare
seedling sho
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TABLE 5-continued

Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

(japonica cultivar-
group)

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation

BG444243 G362/61 3.70E-05 Gossypium arboreum  GA__Ea00231.22f
Gossypium arboreum
7-10d

BES500265 G362/61 0.00015 Triticum aestivum WHE0981__F11__L20ZS
Wheat pre-anthesis
spik

AB006604 G362/61 0.00023 Petunia x hybrida mRNA for ZPT2-9,
complete cds.

Al163084 G362/61 0.0004 Populus tremula x A031p65u Hybrid

Populus tremuloides  aspen

gil5528588 G362/61 4.20E-15 Oryza sativa hypothetical protein.

gi2346984 G362/61 3.80E-08 Petunia x hybrida ZPT2-9.

gi7228329 G362/61 0.012 Medicago sativa putative TFIIIA (or
kruppel)-like zinc fi

gil763063 G362/61 0.016 Glycine max SCOF-1.

gi485814 G362/61 0.026 Triticum aestivum WZF1.

gi4666360 G362/61 0.03 Datisca glomerata zine-finger protein 1.

gi2058504 G362/61 0.079 Brassica rapa zine-finger protein-1.

gi861091 G362/61 0.08 Pisum sativum putative zinc finger
protein.

gi2981169 G362/61 0.42 Nicotiana tabacum osmotic stress-
induced zinc-finger
prot

BM110736 G2105/63 3.70E-45 Solanum tuberosum EST558272 potato
roots Solanum
tuberosum

BF646615 G2105/63 6.60E-36 Medicago truncatula  NFO66CO8EC1F1065
Elicited cell culture

AB052729 G2105/63 9.50E-30 Pisum sativum mRNA for DNA-
binding protein DF1,
complete cd

OSIN00022 G2105/63 1.10E-26 Oryza sativa chromosome 4 clone
OSINBa0011L07, ***
SEQUENC

Al777252 G2105/63 4.20E-25 Lycopersicon EST258217 tomato

esculentum resistant, Cornell

BM500043 G2105/63 6.70E-24 Zea mays 952036C09.y1 952 -
BMS tissue from
Walbot Lab (red

AP004839 G2105/63 1.90E-23 Oryza sativa () chromosome 2 clo

(japonica cultivar-
group)

AWS596787 G2105/63 2.30E-20 Glycine max sj16£10.y1 Gm-¢1032
Glycine max cDNA
clone GENO

AV410715 G2105/63 8.70E-20 Lotus japonicus AV410715 Lotus
japonicus young
plants (two-

BM357046 G2105/63 3.10E-14 Triphysaria 161-GS5 Triphysaria

versicolor versicolor root-t
gi13646986 G2105/63 7.50E-32 Pisum sativum DNA-binding protein
DF1.

gi20249 G2105/63 1.30E-27 Oryza sativa gt-2.

gil8182311 G2105/63 8.20E-22 Glycine max GT-2 factor.

gi8096269 G2105/63 0.24 Nicotiana tabacum KED.

167 G3645 GA47/65 9.0E-64 Brassica rapa subsp.
Pelinensis

151  G2133 GA47/65 1.0E-47 Arabidopsis thaliana

165 G3646 G47/65 2.0E-46 Brassica oleracea

163 G3647 GA47/65 2.0E-33 Zinnia elegans

157  G3643 G47/65 1.0E-29 Glycine max

155 G3644 GA47/65 9.0Ee-26 Oryza sativa
(japonica cultivar-
group)

159 G3650 G47/65 1.0E-23 Zea mays

153 G3649 G47/65 1.0E-23 Oryza sativa
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TABLE 5-continued

Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

crystallinum

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation
161 G3651 G47/65 9.0E-21 Oryza sativa
(japonica cultivar-
group)
BE320193 G47/65 5.90E-23 Medicago truncatula  NF024B04RT1F1029
Developing root
Medica
AP003379 GA47/65 8.90E-20 Oryza sativa chromosome 1 clone
P0O408GO7, ***
SEQUENCING IN
AW220454 GA47/65 7.90E-16 Lycopersicon EST302937 tomato
esculentum root during/after
BI434553 G47/65 8.90E-16 Solanum tuberosum EST537314 P.
infestans-challenged
leaf So
BF610198 G47/65 1.30E-15 Pinus taeda NXSI_055_H04_F
NXSI (Nsf Xylem
Side wood Inclin
BE659994 G47/65 2.50E-15 Glycine max 4-G2 GmaxSC
Glycine max cDNA,
mRNA sequence.
BG446456 GA47/65 5.00E-15 Gossypium arboreum  GA__Eb0034M18f
Gossypium arboreum
7-10d
BG321374 GA47/65 1.10E-14 Descurainia sophia Ds01_06d08_R
Ds01_AAFC_ECORC__
cold_stress
Al728590 G47/65 2.40E-14 Gossypium hirsutum ~ BNLGHIi11133 Six-
day Cotton fiber
Gossypi
gil4140155 GA47/65 2.90E-16 Oryza sativa putative AP2 domain
transcription factor.
gi5616086 GA47/65 7.90E-14 Brassica napus dehydration
responsive element
binding pro
gil12225916 GA47/65 8.70E-14 Zea mays unnamed protein
product.
gi8571476 GA47/65 1.30E-13 Atriplex hortensis apetala? domain-
containing protein.
gi8980313 GA47/65 9.00E-13 Catharanthus roseus ~ AP2-domain DNA-
binding protein.
gi6478845 GA47/65 5.00E-12 Matricaria ethylene-responsive
chamomilla element binding
gi1208498 GA47/65 6.40E-12 Nicotiana tabacum EREBP-2.
gi8809573 GA47/65 2.20E-11 Nicotiana sylvestris ethylene-responsive
element binding
gi7528276 GA47/65 3.40E-11 Mesembryanthemum  AP2-related
crystallinum transcription f
gi3342211 GA47/65 4.50E-11 Lycopersicon Pti4.
esculentum
149 G4294 G975/89 2.0E-65 Oryza sativa
143 (G2583 G975/89 3.0E-56 Arabidopsis thaliana
145 G1387 G975/89 5.0E-54 Arabidopsis thaliana
AP0O03615 G975/89 1.10E-51 Oryza sativa chromosome 6 clone
PO486H12, ***
SEQUENCING IN
BG642554 G975/89 1.10E-50 Lycopersicon EST356031 tomato
esculentum flower buds, anthe
AW705973 G975/89 3.20E-45 Glycine max sk64¢02.yl Gm-
¢1016 Glycine max
cDNA clone GENO
AT001828 G975/89 4.80E-34 Brassica rapa subsp.  AT001828 Flower
pekinensis bud ¢cDNA Br
BG415973 G975/89 3.70E-29 Hordeum vulgare HVSMEKOO09E06f
Hordeum vulgare
testa/perica
AU088998 G975/89 2.10E-27 Lotus japonicus AU088998 Lotus
japonicus flower bud
cDNA Lo
AL377839 G975/89 8.40E-21 Medicago truncalula  MtBB34C04F1
MtBB Medicago
truncatula ¢D
BF479478 G975/89 2.20E-18 Mesembryanthemum  148-3155T3 Ice plant

Lambda U
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TABLE 5-continued

Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation
BG560598 G975/89 3.40E-18 Sorghum RHIZ2_59_D07.b1_A
propingquum 003 Rhizome2
(RHIZ2) So
146408 G975/89 5.90E-18 Brassica rapa BNAF1258 Mustard
flower buds Brassica
rapa cD
gil9507 G975/89 2.10E-19 Lupinus polyphyllus put. pPLZ2 product
(AA 1-164).
gi2213783 G975/89 1.80E-15 Lycopersicon Pti5.
esculentum
gi8571476 G975/89 2.80E-14 Atriplex hortensis apetala? domain-
containing protein.
gi4099914 G975/89 7.90E-14 Stylosanthes hamata  ethylene-responsive
element binding p
gi6478845 G975/89 3.40E-13 Matricaria ethylene-responsive
chamomilla element binding
gil12225884 G975/89 5.70E-13 Zea mays unnamed protein
product.
gi8809573 G975/89 7.00E-13 Nicotiana sylvestris ethylene-responsive
element binding
gi15290041 G975/89 1.20E-12 Oryza sativa hypothetical protein.
gi8980313 G975/89 1.20E-12 Catharanthus roseus ~ AP2-domain DNA-
binding protein.
gi7528276 G975/89 1.30E-12 Mesembryanthemum  AP2-related
crystallinum transcription f
252 G680 G214/33 1.0E-116 Arabidopsis thaliana
AW979367 G214/33 4.40E-35 Lycopersicon EST310415 tomato
esculentum root deficiency, C
BG156656 G214/33 1.80E-33 Glycine max sab31d11.yl Gm-
¢1026 Glycine max
cDNA clone GEN
BE597638 G214/33 5.40E-28 Sorghum bicolor PI1__72__C05.b1__A002
Pathogen induced 1
(PI1)
BI272895 G214/33 5.70E-26 Medicago truncatula  NF091A11FL1F1084
Developing flower
Medi
BE129981 G214/33 3.90E-23 Zea mays 945034C05.X1 945 -
Mixed adult tissues
from Walbot
BF889434 G214/33 7.50E-14 Oryza sativa EST003 Magnaporthe
grisea infected 16-
day-old
gil5528628 G214/33 7.40E-14 Oryza sativa hypothetical
protein~similar to
Oryza sativa
gi7677132 G214/33 0.41 Secale cereale c-myb-like
transcription factor.
gil3676413 G214/33 043 Glycine max hypothetical protein.
gi12406993 G214/33 0.57 Hordeum vulgare MCBI protein.
gi940288 G214/33 0.85 Pisum sativum protein localized in
the nucleoli of pea nu
gil279563 G214/33 0.92 Medicago sativa nuMl.
gi12005328 G214/33 0.98 Hevea brasiliensis unknown.
gi7688744 G214/33 0.99 Lycopersicon ascl.
esculentum
gi1070004 G214/33 0.99 Brassica napus Biotin carboxyl
carrier protein.
gi5326994 G214/33 1 Daucus carota DNA topoisomerase
L
254 G5 G974/51 1.0E-76 Arabidopsis thaliana
BI421315 G974/51 7.10E-54 Lycopersicon EST531981 tomato
esculentum callus, TAMU Lycop
AI966402 G974/51 9.40E-47 Glycine max sc38e09.y1 Gm-
¢1014 Glycine max
cDNA clone GENO
AF274033 G974/51 1.70E-43 Atriplex hortensis apetala? domain-

containing protein
mRNA,
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TABLE 5-continued

Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation
BG592917 G974/51 8.40E-43 Solanum tuberosum EST491595 ¢STS
Solanum tuberosum
cDNA clo
Al166481 G974/51 6.20E-42 Populus balsamifera  xylem.est.309 Poplar
subsp. trichocarpa
AW776927 G974/51 2.10E-41 Medicago truncatula  EST335992 DSIL
Medicago truncatula
cDNA
AP004119 G974/51 2.70E-41 Oryza sativa chromosome 2 clone
OJ1288_G09, ***
SEQUENCING
BE918036 G974/51 6.60E-38 Sorghum bicolor OV1_1-B03.b1__A002
Ovary 1 (OV1)
Sorghum bic
gi8571476 G974/51 7.00E-45 Atriplex hortensis apetala? domain-
containing protein.
gil4140155 G974/51 4.40E-20 Oryza sativa putative AP2 domain
transcription factor.
gi3342211 G974/51 9.10E-20 Lycopersicon Pti4.
esculentum
gi1208498 G974/51 1.50E-19 Nicotiana tabacum EREBP-2.
gil12225884 G974/51 1.50E-19 Zea mays unnamed protein
product.
gi7528276 G974/51 3.90E-19 Mesembryanthemum  AP2-related
crystallinum transcription f
gi8809571 G974/51 3.90E-19 Nicotiana sylvestris ethylene-responsive
element binding
gil688233 G974/51 3.50E-18 Solanum tuberosum DNA binding protein
homolog.
gi3264767 G974/51 9.40E-18 Prunus armeniaca AP2 domain
containing protein.
gi6478845 G974/51 2.00E-17 Matricaria ethylene-responsive
chamomilla element binding
BI311137 G2343/53 4.00E-45 Medicago truncatula  EST5312887 GESD
Medicago truncatula
cDN
BG130765 (G2343/53 5.10E-45 Lycopersicon EST463657 tomato
esculentum crown gall Lycoper
AW 672062 G2343/53 2.30E-44 Sorghum bicolor LG1_354_G05.b1__A002
Light Grown 1
(LG1) Sor
AV421932 G2343/53 2.70E-42 Lotus japonicus AV421932 Lotus
japonicus young
plants (two-
BE611938 G2343/53 9.10E-42 Glycine max sr01h04.y1 Gm-
¢1049 Glycine max
cDNA clone GENO
BF484214 G2343/53 1.90E-37 Triticum aestivum WHE2309_F07_KI13ZS
Wheat pre-anthesis
spik
BG301022 G2343/53 4.30E-35 Hordeum vulgare HVSMEb0019E16f
Hordeum vulgare
seedling sho
AP003018 (G2343/53 3.20E-34 Oryza sativa genomic DNA,
chromosome 1, BAC
clone: OSINBa000
BE495300 G2343/53 3.30E-34 Secale cereale WHE1268__F02__K04ZS
Secale cereale
anther cDNA
AI657290 G2343/53 3.50E-34 Zea mays 486093A08.y1 486 -
leaf primordia cDNA
library fro
gil167486 (G2343/53 9.50E-53 Lycopersicon transcription factor.
esculentum
gil13366181 (G2343/53 1.30E-48 Oryza sativa putative transcription
factor.
gi2130045 (G2343/53 1.50E-37 Hordeum vulgare MybHv33 protein -

barley.
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Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation
gi82310 (G2343/53 1.60E-34 Antirvhinum majus myb protein 330 -
garden snapdragon.
gil732247 (G2343/53 4.20E-34 Nicotiana tabacum transcription factor
Mybl

gi1841475 G2343/53 7.80E-33 Pisum sativum Myb26

gi5139814 G2343/53 2.80E-31 Glycine max GmMYB29B2.

gi13346178 (G2343/53 4.90E-31 Gossypium hirsutum ~ BNLGHi233.

gi6651292 (G2343/53 2.70E-30 Pimpinella myb-related
brachycarpa transcription factor.
gi8247759 (G2343/53 1.10E-29 Triticum aestivum GAMyb protein.

AF272573 G2123/67 1.30E-50 Populus alba x clone INRA717-1-B4

Populus tremula 14-3-3 pr

BG581482 G2123/67 3.70E-49 Medicago truncatula  EST483216 GVN
Medicago truncatula
cDNA

BG351501 G2123/67 9.60E-49 Solanum tuberosum 109A12 Mature tuber
lambda ZAP Solanum
tu

LETFT7 G2123/67 1.20E-48 Lycopersicon mRNA for 14-3-3

esculentum protein, TFT7.

AF228501 G2123/67 4.50E-44 Glycine max 14-3-3-like protein
mRNA, complete cds.

BE643058 G2123/67 5.30E-44 Ceratopteris Cri2_7_M14_SP6

vichardii Ceratopteris Spore Li

AF222805 G2123/67 7.00E-43 Euphorbia esula 14-3-3-like protein
mRNA, complete cds.

PSA238682 G2123/67 1.30E-42 Pisum sativum mRNA for 14-3-3-
like protein, sequence
2.

BG443252 G2123/67 1.80E-40 Gossypium arboreum  GA__Ea0020A13f
Gossypium arboreum
7-10d

Al727536 G2123/67 9.70E-40 Gossypium hirsutum  BNLGHIi8338 Six-
day Cotton fiber
Gossypiu

gi8515890 G2123/67 1.80E-52 Populus alba x 14-3-3 protein.

Populus tremula

gi8099061 G2123/67 3.70E-52 Populus x canescens  14-3-3 protein.

gi7576887 G2123/67 1.00E-50 Glycine max 14-3-3-like protein.

gi3925703 G2123/67 8.90E-50 Lycopersicon 14-3-3 protein.
esculentum

gi6752903 G2123/67 8.90E-50 Euphorbia esula 14-3-3-like protein.

gi913214 G2123/67 2.10E-47 Nicotiana tabacum T14-3-3.

gil1138322 G2123/67 3.40E-47 Vicia faba vfl4-3-3d protein.

gi2879818 G2123/67 8.50E-46 Solanum tuberosum 14-3-3 protein.

gil015462 G2123/67 8.90E-46 Chlamydomonas 14-3-3 protein.
reinhardtii

gi2921512 G2123/67 1.10E-45 Fritillaria agrestis GF14 protein.

AC091246 G1777/55 3.50E-96 Oryza sativa chromosome 3 clone
OSINBa0002103, ***
SEQUENCI

BG136684 G1777/55 1.10E-67 Lycopersicon EST477126 wild

pennellii tomato pollen Lycoper

AW703793 G1777/55 2.50E-65 Glycine max sk12f08.y1 Gm-
¢1023 Glycine max
cDNA clone GENO

BE051040 G1777/55 6.60E-59 Zea mays za71g01.b50 Maize
Glume cDNAs
Library Zea mays
cDN

AW933922 G1777/55 2.90E-53 Lycopersicon EST359765 tomato

esculentum fruit mature green

BG600834 G1777/55 3.40E-53 Solanum tuberosum EST505729 ¢STS
Solanum tuberosum
cDNA clo

BF440069 G1777/55 3.20E-39 Thellungiella Sc0136 Thellungiella

salsuginea salsuginea ZA

BF587440 G1777/55 4.20E-25 Sorghum FM1_36_D07.b1__A003

propingquum Floral-Induced
Merist
BI267961 G1777/55 2.10E-23 Medicago truncatula  NF118E09IN1F1071

Insect herbivory
Medic



65

US 9,447,425 B2

TABLE 5-continued

Sequences phylogenetically related to drabidopsis sequences shown to confer useful traits in plants

66

Col. 2 Col. 3
Col. 1 GID or Related Related to Col. 4 Col. 5 Col. 6
SEQ ID Sequence Identifier GID/SEQ ID Smallest Sum  Species from which Test Sequence
NO  (Accession No.) NO Probability Sequence is Derived ~ GenBank Annotation
BE415217 G1777/55 2.50E-22 Triticum aestivum MWL025.F02F00020
8 ITEC MWL Wheat
Root Lib
gil666171 G1777/55 7.50E-24 Nicotiana unknown.
plumbaginifolia
gi643082 G1777/55 1 Fragaria x ananassa  unknown.
AW928317 G2520/37 4.60E-27 Lycopersicon EST307050 tomato
esculentum flower buds 8 mm t
BF271147 G2520/37 2.60E-26 Gossypium arboreum  GA__Eb0010K15f
Gossypium arboreum
7-10d
BE329654 G2520/37 2.60E-26 Glycine max 5067c05.y1 Gm-
¢1040 Glycine max
cDNA clone GENO
BG103016 G2520/37 4.40E-23 Sorghum RHIZ2_36__A10.b1__A003
propingquum Rhizome2
(RHIZ2) So
BE606980 G2520/37 1.00E-22 Triticum aestivum WHE0914__F04__KO08ZS
Wheat 5-15 DAP
spike ¢cD
BG048756 G2520/37 1.60E-22 Sorghum bicolor OV1_22_F05.b1__A002
Ovary 1 (OV1)
Sorghum bi
Al162779 G2520/37 2.10E-22 Populus tremula x A023P62U Hybrid
Populus tremuloides  aspen
BI270049 G2520/37 2.90E-22 Medicago truncatula  NF004D04FL1F1042
Developing flower
Medi
BE921054 G2520/37 3.90E-22 Solanum tuberosum EST424823 potato
leaves and petioles
Sola
BF200249 G2520/37 9.10E-22 Triticum WHE2254_F11_L227ZE
monococcum Triticum
monococcuin §
gil1862964 G2520/37 4.50E-16 Oryza sativa hypothetical protein.
gi5923912 G2520/37 6.30E-16 Tulipa gesneriana bHLH transcription
factor GBOF-1.
gi6166283 G2520/37 0.69 Pinus taeda helix-loop-helix
protein 1A.
gil086538 G2520/37 1 Oryza rufipogon transcriptional

activator Rb homolog.

For many of the traits listed in Table 6 that may be
conferred to plants by ectopically expressing transcription
factors of the invention, a single transcription factor gene
may be used to increase or decrease, advance or delay, or
improve or prove deleterious to a given trait. For example,
overexpression of a transcription factor gene that naturally
occurs in a plant may cause early flowering relative to
non-transformed or wild-type plants. By knocking out the
gene, or suppressing the gene (with, for example, antisense
suppression) the plant may experience delayed flowering.
Similarly, overexpressing or suppressing one or more genes
can impart significant differences in production of plant

45
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products, such as different fatty acid ratios. Thus, suppress-
ing a gene that causes a plant to be more sensitive to cold
may improve a plant’s tolerance of cold.

The first and second columns of Table 6 provide the Trait
category and specific trait were generally observed in plants
overexpressing the listed transcription factor sequence of the
invention, or, where noted, in plants in which a specific
transcription factor has been knocked out (KO). The third
column lists the sequences for which a specific trait was
observed when the expression of the sequence was altered,
and the last column provides the utility and specific obser-
vations, relative to controls, for each of the sequences.

TABLE 6

Genes, traits and utilities that affect plant characteristics

Trait Category Traits

Transcription factor genes
that impact traits

Utility/
Observations

Environmental
stress resistance
and tolerance

Increased osmotic stress
tolerance

G353, G1069, G1930 Enhanced germination rate,
survivability, yield

G47 (in a root growth assay
on PEG-containing media,
GA47 overexpressing

seedlings were larger and
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TABLE 6-continued

Genes, traits and utilities that affect plant characteristics

Transcription factor genes  Utility/
Trait Category Traits that impact traits Observations

had more root growth
compared to the wild-type)
G353 (on PEG containing
media, overexpressing
seedlings were larger and
greener than the wild-type)
G1069 (overexpressing
lines showed more
tolerance to osmotic stress
on high sucrose media)
G1930 (with more seedling
vigor on high sucrose than
wild-type control plants)

Altered C/N sensing and G975, G1069, G1266, Improved yield, less fertilizer
tolerance to low G1322, G1930, G2131, required, improved stress
nitrogen conditions G2144, G2512, G2520 tolerance and quality

G975 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G1069 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G1266 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G1322 (accumulation on
low nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G1930 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G2131 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G2144 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G2512 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)
G2520 (less anthocyanin
accumulation on low
nitrogen media, better
tolerance to low nitrogen
conditions than controls)

Increased tolerance to G1946 Improved yield, less fertilizer

phosphate-limitation required, improved stress
tolerance and quality
G1946 (more secondary
root growth on phosphate-
free media than wild-type
controls)

Increased salt tolerance ~ G47, G1930, G3644 G1930 (with more seedling
vigor on high salt media
than wild-type control
plants)

GA47 and G3644 (homologs;
more seedling vigor on high
salt media than wild-type
control plants)
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TABLE 6-continued

Genes, traits and utilities that affect plant characteristics

Trait Category

Traits

Transcription factor genes
that impact traits

Utility/
Observations

Sugar sensing

Increased cold stress
resistance and/or
improved germination in
cold conditions

Increased drought or
desiccation tolerance

Altered light response
and shade tolerance

Altered plant response
to sugars

G47, G1322, G1930,
G2133, G3643, G3649

G47, G353, G975, G1069,
G2133, G3643, G364,
G3649

G377, G1069, G1322,
G1794, G2144, G2520

G1337

Enhanced germination,
growth, earlier planting
G1322 (at 8° C,,
overexpressor seedlings
were slightly larger and had
longer roots than wild type)
G1930 (increased tolerance
to 8° C. in a germination
assay)

GA47 (with leaf RBCS3 or
shoot apical meristem
promoters) and closely-
related homologs G2133,
G3643 and G3649 (35S
promoter) conferred
increased tolerance to 8° C.
in a germination assay
relative to controls)
Improved survivability, yield,
extended range

G353 (overexpressors had
greater tolerance to drought
than wild type in a soil-
based assay)

G975 (overexpressors had
greater tolerance to
desiccation in plate-based
assays, and greater
tolerance to drought than
wild type in a soil-based
assay)

G1069 (overexpressors had
greater tolerance to drought
than wild type in a soil-
based assay)

GA47 and homologs G2133,
G3643 and G3649
conferred increased water
deprivation when
overexpressed compared to
controls (another homolog,
G3644, was not tested in
drought assays)

Enhanced germination,
growth, development,
flowering time, greater
planting density and
improved yield

G377 (overexpressors had
altered leaf orientation)
G1322 (overexpressors
exhibited constitutive
photomorphogenesis)
G1069 (overexpressors
exhibited altered leaf
orientation)

G1794 (overexpressors
exhibited constitutive
photomorphogenesis)
(G2144 overexpressors
exhibited long hypocotyls
G2520 (overexpressors had
long hypocotyls)
Photosynthetic rate,
carbohydrate accumulation,
biomass production, source-
sink relationships, senescence
G1337 (G1337
overexpressors germinated
poorly on high glucose
compared to controls, thus
G1337 may be involved in
sugar sensing, transport, or
metabolism)
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TABLE 6-continued

Genes, traits and utilities that affect plant characteristics

Transcription factor genes  Utility/
Trait Category Traits that impact traits Observations
Hormonal Altered hormone G47, G1069, G1266 Seed dormancy, drought

sensitivity

Development,
morphology

Altered overall plant
architecture

Increased size, stature
and/or biomass

G47, G353, G1543; G1794,
G2509

GA4T; G377, G1052, G1543,
G2133, G2155, G3643,
G3644, G3649

tolerance; plant form, fruit
ripening

GA47 (overexpressors had
decreased sensitivity to
ABA)

G1069 (overexpressors had
decreased sensitivity to
ABA)

G1266 (overexpressors had
decreased sensitivity to
ABA)

Altered vascular tissues,
increased lignin content;
altered cell wall content;
and/or appearance

GA47 (increased lignin
content, stems were wider
with a much greater number
of xylem vessels than wild
type)

G353 (overexpressors had
short pedicels, downward
pointing siliques, leaves
had short petioles, were
rather flat, rounded, and
sometimes showed changes
in coloration)

G1543 (some G1543
overexpressors exhibited
contorted, stunted carpels;
358::G1543 plants also
exhibited altered branching
pattern, and apical
dominance was reduced)
G1794 (overexpressors
exhibited decreased apical
dominance)

G2509 (overexpressors
exhibited decreased apical
dominance)

Improved yield

GA47 (stem sections were of
wider diameter and vascular
bundles were larger,
sometimes multiple cauline
leaves were present at each
node; overexpression of
GA47 and its homologs
G2133, G3643, G3644 and
G3649, resulted in some
lines that produced larger
plants than controls with
larger rosettes, seedlings
and/or seeds)

G377 (some lines had
broader, fuller rosette
leaves than wild type)
G214 (larger biomass,
increased leaf number and
size compared to controls)
G1052 (larger leaves and
were generally more sturdy
than wild type)

G1543 (some
overexpressors exhibited
increased biomass,
including tomato plants
overexpressing this
sequence)

G2155 (late in
development, 355::G2155
plants became very large
relative to controls)
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TABLE 6-continued

Genes, traits and utilities that affect plant characteristics

Trait Category

Traits

Transcription factor genes
that impact traits

Utility/
Observations

Size: reduced stature or
dwarfism

Flower structure,
inflorescence

Number and
development of
trichomes

Seed size, color, and

number

Leaf shape, color,
modifications

G280; G353; G362; G652;
G674; G962; G9TT;
G1198; G1266; G1309;
G1322; G1421; G1537;
G1641; G1794; G2094;
G2144; G2147

G47, G259, G353, G1543

G362, G1930, G2105

G652; G2105

G377; G674; G9T7;
G1198; G2094; G2105;
G2113; G2117; G2144;
G2155, G2583

Ornamental utility (creation
of dwarf varieties); small
stature also provides wind
resistance

Ornamental horticulture;
production of saffron or other
edible flowers

G47 (thick and fleshy
inflorescences)

G259 (rosette leaves were
longer, narrower, darker
green than controls, sepals
were longer, narrower, and
often fused at the tips)
G353 (358::G353 plants
had a reduction in flower
pedicel length and
downward pointing
siliques)

G1543 (some lines showed
contorted, stunted carpels)
Improved resistance to pests
and desiccation; essential oil
production

G362 (increased trichome
density)

G1930 (decreased trichome
density)

G2105 (adaxial leaf
surfaces had a somewhat
‘lumpy” appearance caused
by trichomes being raised-
up on small mounds of
epidermal cells)

Improved yield

G652 (seeds produced by
knockouts of G652 plants
were somewhat wrinkled
and misshapen)

G2105 (pale, larger seeds
than controls)

Appealing shape or shiny
leaves for ornamental
agriculture, increased
biomass or photosynthesis
G377 (during later rosette
stage, leaves were rounder,
darker green, and shorter
than wild type. After
flowering, 35S::G377
leaves had a greater blade
area than wild-type)

G674 (rounded, dark green
leaves that sometimes
pointed upward)

G977 (dark green leaves
that were generally
wrinkled or curled)

G1198 (smaller, narrower
leaves)

G2094 (leaves pf
overexpressors were short,
wide, and slightly yellowed
compared to wild type.,
occasionally the leaves also
showed mild serrations on
their margins)

G2105 (uneven leaf
surface)

G2113 (long petioles,
vertical leaf orientation,
leaves appeared narrow and
were downward curling at
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Genes, traits and utilities that affect plant characteristics

Transcription factor genes  Utility/
Trait Category Traits that impact traits Observations

the margins compared to
controls)

G2155 (slightly small,
rounded, leaves that
became dark green, very
large and senesced later
than wild type late in
development)

G2144 (pale, narrow, flat
leaves that had long
petioles and sometimes
positioned in a vertical

orientation)
G2583 (narrow, curled
leaves)
Altered stem G47, G748 Ornamental; digestibility
morphology GA47 (stems of wider

diameter with large
irregular vascular bundles
containing greater number
of xylem vessels than wild
type; some xylem vessels
within the bundles appeared
narrow and more lignified)
G748 (thicker and more
vascular bundles in stems
than controls)

Pigment Production of G214; G259; G362, G490;  Antioxidant activity, vitamin
anthocyanin and prenyl G652, G748; G883; G977, E
lipids G1052; G1328; G1930; G214 (darker green in
G2509, G2520 vegetative and reproductive

tissues due to a higher
chlorophyll content in the
later stages of development;
increased seed lutein)
G259 (increase in seed a-
tocopherol)

G362 (increased pigment
production compared to
controls, seeds developed
patches of dark purple
pigmentation, increased
anthocyanin in seedling
leaves; late flowering lines
also became darkly
pigmented.)

G490 (increased seed -
tocopherol)

G652 (increase in seed a-
tocopherol)

(G748 overexpressors
consistently produced
greater root content than
controls)

G883 (decreased seed
lutein)

(1328 (decreased seed
lutein)

G977 (darker green leaves
than controls)

G1052 (overexpressors had
decreased lutein and
increased xanthophyll 1
relative to controls)
G1930 (increased
chlorophyll content)
G2509 (increase in a-
tocopherol)

G2520 (increase in seed &-
tocopherol and a decrease
in seed y-tocopherol)
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Genes, traits and utilities that affect plant characteristics

Trait Category

Traits

Transcription factor genes
that impact traits

Utility/
Observations

Seed biochemistry

Leaf biochemistry

Production of seed
sterols

Production of seed
glucosinolates

Modified seed oil
content

Modified seed protein

content

G20

G353; G484; G674;
G1069; G1272 (KO);
G1506; G1897; G1946;
G2113; G2117; G2155;
G2290, G2340

G229, G652, G663, GO74;
G1198; G1543; G1777;
G1946; G2117, G2123;
G2343

G229, G663, G1641;
G1777; G1946; G2117;
G2509

Modified seed fatty acid G1069, G1421

content

Production of leaf
glucosinolates

G264; G353; G652; G681;
G1069; G1198; G1322;
G1421; G1794; G2113, ;
G2144; G2512; G2520;
G2552

Precursors for human steroid
hormones; cholesterol
modulators

G20 (increased
campesterol)

Defense against insects;
putative anticancer activity;
undesirable in animal feeds
G353 (increased M39494)
G484 (altered glucosinolate
profile)

G674 (increased M39501)
G1069 (increased M39497)
G1272 (decreased M39497)
G1506 (increased M39502
and M39498)

G1897 (increased M39491
and M39493)

G1946 (increased M39501)
G2113 (decreased M39497,
increased M39501 and
M39494)

G2117 (increased M39497,
decreased M39496)

G2155 (increased M39497)
G2290 (increased M39496)
G2340 (extreme alteration
in seed glucosinolate
profile)

Vegetable oil production;
increased caloric value for
animal feeds; lutein content
G229 (increased seed oil)
G652 (decreased seed oil)
G663 (decreased seed oil)
G1198 (increased seed oil)
G1543 (decreased seed oil
observed in 4rabidopsis
overexpressors, increased
seed oil observed in soy)
G1777 (increased seed oil)
G1946 (increased seed oil)
G2117 (decreased seed oil)
G2123 (increased seed oil)
Reduced caloric value for
humans

G229 (decreased seed
protein)

G663 (increased seed
protein)

G1641 (increased seed
protein)

G1777 (decreased seed
protein)

G1946 (decreased seed
protein)

G2117 (increased seed
protein)

G2509 (increased seed
protein)

Altered nutritional value;
increase in waxes for disease
resistance

G1069 (increased 16:0 fatty
acids and decreased 18:2
fatty acids)

G1421 (increased 18:1 and
decreased 18:3 seed fatty
acids)

Defense against insects;
putative anticancer activity;
undesirable in animal feeds
G264 (increased M39481)
G353 (increased M39494)
G652 (increased M39480)
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TABLE 6-continued

Genes, traits and utilities that affect plant characteristics

Trait Category Traits

Transcription factor genes
that impact traits

Utility/
Observations

Production of leaf
phytosterols, inc.
stigmastanol,
campesterol

Leaf fatty acid
composition

Production of prenyl
lipids, including
tocopherol

G2131; G2424

G214; G377; G962; GIT5;
G987 (KO); G1266;
G1337; G1399, G1465;
G1512; G2136; G2147,
G2583

G214; G259; G280; G362,
G652; G987 (KO), G1543;
G1930, G2509; G2520

G681 (increased M39480)
G1069 ()

G1198 (increased M3948)
G1322 (increased M39480)
G1421 (increased M39482)
G1794 (increased M39480)
G2113 (increased M39478)
G2144 (increased M39480)
G2512 (increased M39481)
G2520 (increased M39478)
G2552 (increased M39480)
Precursors for human steroid
hormones; cholesterol
modulators

G2131 (Increase in leaf
campesterol)

G2424 (increase in
stigmastanol)

Altered nutritional value;
increase in waxes for disease
resistance

G214 (increased leaf fatty
acids)

G377 (increase in leaf 18:2
fatty acids and decrease in
leaf 18:3 fatty acids)

G962 (increase in 16:0 leaf
fatty acids, decrease in 18:3
leaf fatty acids)

G987 KO (reduction in
16:3 fatty acids relative to
controls)

G975 (increased leaf fatty
acids, glossy leaves)
G1337 (increased leaf oleic
acids)

G1399 (increased leaf 16:0
fatty acid)

G1465 (increased in 16:0,
16:1, 18:0 and 18:2 and
decreased 16:3 and 18:3
leaf fatty acids)

G1512 (increased 18:2 leaf
fatty acids)

G2136 (decreased 18:3 leaf
fatty acids)

G2147 increased 16:0 and
18:2 3 leaf fatty acids)
G2583 (glossy leaves)
Antioxidant activity, vitamin

to

G214 (increased leaf
chlorophyll and
carotenoids)

G259 (increased seed a-
tocopherol)

G280 (increased leaf & and
Y tocopherol)

G362 (increased
anthocyanin levels in
various tissues at different
stages of growth.; seedlings
showed high levels of
pigment in first true leaves,
late flowering lines became
darkly pigmented., seeds
from developed patches of
dark purple pigmentation)
G652 (increased seed a-
tocopherol)

G987 (overexpressors had
two xanthophylls not
present in wild-type leaves,
y-tocopherol (which
normally accumulate in
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TABLE 6-continued

Genes, traits and utilities that affect plant characteristics

Trait Category

Traits

Transcription factor genes
that impact traits

Utility/
Observations

Growth,
Reproduction

Sugar, starch,
hemicellulose
composition,

Plant growth rate and
development

Senescence; cell death

G158; G211; G242; G274;
G1012; G1266; G1309;
G1641; G1865; G2094;
G2589

G1543

G652, G1897, G2155,
G2340

seed tissue), and reduced
levels of chlorophyll a and
chlorophyll b in leaves)
G1543 (dark green color,
increased levels of
carotenoids and
chlorophylls a and b in
leaves)

G1930 (increased levels of
chlorophyll a and
chlorophyll b in seeds
compared to controls)
G2509 (increased seed a-
tocopherol)

G2520 (increase in seed &-
tocopherol and a decrease
in seed y-tocopherol)
Improved food digestibility,
increased hemicellulose &
pectin content; increased
fiber content; increased plant
tensile strength, wood
quality, pathogen resistance,
pulp production and/or tuber
starch content

G158 (increased leaf
rhamnose)

G211 (increased leaf
xylose)

G242 (increased leaf
arabinose)

G274 (increased leaf
arabinose)

G1012 (decreased leaf
rhamnose)

G1266 (alterations in
rhamnose, arabinose,
xylose, and mannose, and
galactose)

G1309 (increased leaf
mannose)

G1641 (increased leaf
rhamnose)

G1865 (increased galactose,
decreased xylose)

G2094 (increased leaf
arabinose)

G2589 (increased leaf
insoluble sugars - increased
arabinose)

Faster growth, increased
biomass or yield, improved
appearance; delay in bolting
G1543 (faster growth of
seedlings)

Altered yield, appearance;
response to pathogens
(potential protective response
without the potentially
detrimental consequences of
a constitutive systemic
acquired resistance)

G652 (premature
senescence of rosette
leaves)

(G1897 (later senescence
than controls

G2155 (senesced much
later than controls)

G2340 (overexpressors
showed necrosis of blades
of rosette and cauline
leaves, necrotic lesions)
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TABLE 6-continued

Genes, traits and utilities that affect plant characteristics

Trait Category Traits

Transcription factor genes

that impact traits

Utility/
Observations

Modified fertility

Early flowering

Delayed flowering

Flower and leaf
development

Flower abscission

G652; G962; GIT7T;
G1266; G1421; G2094;
G2113; G2147

G490; G1946; G2144;
G2509

GAT; G214; G362; GT48;

G1052; G1865; G1930,
G2155, G2133, G3643,
G3644, G3649

G259; G353; G377; G652;

G1865; G1897; G209%4

G1897

Prevents or minimizes escape
of the pollen of genetically
modified plants

G652 (poor fertility)

G962 (poor fertility)

G977 (poor fertility)
G1266 (poor fertility)
G1421 (poor fertility)
G2094 (poor fertility)
G2113 (poor fertility)
G2094 (poor fertility)
G2147 (poor fertility)
Faster generation time;
synchrony of flowering;
potential for introducing new
traits to single variety
Delayed time to pollen
production of GMO plants;
synchrony of flowering;
increased yield

Ornamental applications;
decreased fertility

G259 (rosette leaves were
longer and narrow, dark
green and curled compared
to control plants, sepals
were long, narrow, and
often fused at the tips)
G353 (reduction in flower
pedicel length and
downward pointing
siliques)

G377 (inflorescence stems
were shorter than wild-type,
during late rosette stage,
leaves were rounder, darker
green, and slightly shorter
than those of wild type)
G652 (reduced number of
stamens: 4-5 of these
organs rather than 6)
G1865 (short, thick,
inflorescence stems, greatly
increased number of leaves;
visible flower buds up to a
month after wild type,
continuous light conditions,
by which time rosette
leaves had become rather
large and contorted)

G1897 (narrow, dark-green
rosette and cauline leaves,
inflorescences had short
internodes with various
abnormalities, perianth
organs were typically rather
long and narrow., stamens
were short, silique
formation was poor)

G2094 (inflorescence stems
were often thin and carried
short flowers, mild
serrations on leaf margins)
Ornamental: longer retention
of flowers

G1897 (delayed abscission
of floral organs)

* When co-expressed with G669 and G663
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Significance of Modified Plant Traits

The sequences of the Sequence Listing, those in Tables
4-6, or those disclosed here can be used to prepare trans-
genic plants and plants with altered traits. The specific
transgenic plants listed below are produced from the
sequences of the Sequence Listing, as noted Tables 4-6
provides exemplary polynucleotide and polypeptide
sequences of the invention.

Salt Stress Resistance.

Soil salinity is one of the more important variables that
determines where a plant may thrive. Salinity is especially
important for the successful cultivation of crop plants,
particular in many parts of the world that have naturally high
soil salt concentrations, or where the soil has been over-
utilized. Thus, presently disclosed transcription factor genes
that provide increased salt tolerance during germination, the
seedling stage, and throughout a plant’s life cycle would find
particular value for imparting survivability and yield in areas
where a particular crop would not normally prosper.

Osmotic Stress Resistance.

Presently disclosed transcription factor genes that confer
resistance to osmotic stress may increase germination rate
under adverse conditions, which could impact survivability
and yield of seeds and plants.

Cold Stress Resistance.

The potential utility of presently disclosed transcription
factor genes that increase tolerance to cold is to confer better
germination and growth in cold conditions. The germination
of many crops is very sensitive to cold temperatures. Genes
that would allow germination and seedling vigor in the cold
would have highly significant utility in allowing seeds to be
planted earlier in the season with a high rate of survivability.
Transcription factor genes that confer better survivability in
cooler climates allow a grower to move up planting time in
the spring and extend the growing season further into
autumn for higher crop yields.

Tolerance to Freezing.

The presently disclosed transcription factor genes that
impart tolerance to freezing conditions are useful for
enhancing the survivability and appearance of plants con-
ditions or conditions that would otherwise cause extensive
cellular damage. Thus, germination of seeds and survival
may take place at temperatures significantly below that of
the mean temperature required for germination of seeds and
survival of non-transformed plants. As with salt tolerance,
this has the added benefit of increasing the potential range of
a crop plant into regions in which it would otherwise
succumb. Cold tolerant transformed plants may also be
planted earlier in the spring or later in autumn, with greater
success than with non-transformed plants.

Heat Stress Tolerance.

The germination of many crops is also sensitive to high
temperatures. Presently disclosed transcription factor genes
that provide increased heat tolerance are generally useful in
producing plants that germinate and grow in hot conditions,
may find particular use for crops that are planted late in the
season, or extend the range of a plant by allowing growth in
relatively hot climates.

Drought, Low Humidity Tolerance.

Strategies that allow plants to survive in low water
conditions may include, for example, reduced surface area
or surface oil or wax production. A number of presently
disclosed transcription factor genes increase a plant’s toler-
ance to low water conditions and provide the benefits of
improved survivability, increased yield and an extended
geographic and temporal planting range.
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Radiation Resistance.

Presently disclosed transcription factor genes have been
shown to increase lutein production. Lutein, like other
xanthophylls such as zeaxanthin and violaxanthin, are
important in the protection of plants against the damaging
effects of excessive light. Lutein contributes, directly or
indirectly, to the rapid rise of non-photochemical quenching
in plants exposed to high light. Increased tolerance of field
plants to visible and ultraviolet light impacts survivability
and vigor, particularly for recent transplants. Also affected
are the yield and appearance of harvested plants or plant
parts. Crop plants engineered with presently disclosed tran-
scription factor genes that cause the plant to produce higher
levels of lutein therefore would have improved photopro-
tection, leading to less oxidative damage and increase vigor,
survivability and higher yields under high light and ultra-
violet light conditions.

Decreased Herbicide Sensitivity.

Presently disclosed transcription factor genes that confer
resistance or tolerance to herbicides (e.g., glyphosate) may
find use in providing means to increase herbicide applica-
tions without detriment to desirable plants. This would allow
for the increased use of a particular herbicide in a local
environment, with the effect of increased detriment to unde-
sirable species and less harm to transgenic, desirable culti-
vars.

Increased Herbicide Sensitivity.

Knockouts of a number of the presently disclosed tran-
scription factor genes have been shown to be lethal to
developing embryos. Thus, these genes are potentially use-
ful as herbicide targets.

Oxidative Stress.

In plants, as in all living things, abiotic and biotic stresses
induce the formation of oxygen radicals, including super-
oxide and peroxide radicals. This has the effect of acceler-
ating senescence, particularly in leaves, with the resulting
loss of yield and adverse effect on appearance. Generally,
plants that have the highest level of defense mechanisms,
such as, for example, polyunsaturated moieties of membrane
lipids, are most likely to thrive under conditions that intro-
duce oxidative stress (e.g., high light, ozone, water deficit,
particularly in combination). Introduction of the presently
disclosed transcription factor genes that increase the level of
oxidative stress defense mechanisms would provide benefi-
cial effects on the yield and appearance of plants. One
specific oxidizing agent, ozone, has been shown to cause
significant foliar injury, which impacts yield and appearance
of crop and ornamental plants. In addition to reduced foliar
injury that would be found in ozone resistant plant created
by transforming plants with some of the presently disclosed
transcription factor genes, the latter have also been shown to
have increased chlorophyll fluorescence (Yu-Sen Chang et
al. Bot. Bull. Acad. Sin. (2001) 42: 265-272).

Heavy Metal Tolerance.

Heavy metals such as lead, mercury, arsenic, chromium
and others may have a significant adverse impact on plant
respiration. Plants that have been transformed with presently
disclosed transcription factor genes that confer improved
resistance to heavy metals, through, for example, sequester-
ing or reduced uptake of the metals will show improved
vigor and yield in soils with relatively high concentrations of
these elements. Conversely, transgenic transcription factors
may also be introduced into plants to confer an increase in
heavy metal uptake, which may benefit efforts to clean up
contaminated soils.

Light Response.

Presently disclosed transcription factor genes that modify
a plant’s response to light may be useful for modifying a
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plant’s growth or development, for example, photomorpho-
genesis in poor light, or accelerating flowering time in
response to various light intensities, quality or duration to
which a non-transformed plant would not similarly respond.
Examples of such responses that have been demonstrated
include leaf number and arrangement, and early flower bud
appearances.

Overall Plant Architecture.

Several presently disclosed transcription factor genes
have been introduced into plants to alter numerous aspects
of the plant’s morphology. For example, it has been dem-
onstrated that a number of transcription factors may be used
to manipulate branching, such as the means to modify lateral
branching, a possible application in the forestry industry.
Transgenic plants have also been produced that have altered
cell wall content, lignin production, flower organ number, or
overall shape of the plants. Presently disclosed transcription
factor genes transformed into plants may be used to affect
plant morphology by increasing or decreasing internode
distance, both of which may be advantageous under different
circumstances. For example, for fast growth of woody plants
to provide more biomass, or fewer knots, increased inter-
node distances are generally desirable. For improved wind
screening of shrubs or trees, or harvesting characteristics of,
for example, members of the Gramineae family, decreased
internode distance may be advantageous. These modifica-
tions would also prove useful in the ornamental horticulture
industry for the creation of unique phenotypic characteristics
of ornamental plants.

Increased Stature.

For some ornamental plants, the ability to provide larger
varieties may be highly desirable. For many plants, includ-
ing t fruit-bearing trees or trees and shrubs that serve as view
or wind screens, increased stature provides obvious benefits.
Crop species may also produce higher yields on larger
cultivars

Reduced Stature or Dwarfism.

Presently disclosed transcription factor genes that
decrease plant stature can be used to produce plants that are
more resistant to damage by wind and rain, or more resistant
to heat or low humidity or water deficit. Dwarf plants are
also of significant interest to the ornamental horticulture
industry, and particularly for home garden applications for
which space availability may be limited.

Fruit Size and Number.

Introduction of presently disclosed transcription factor
genes that affect fruit size will have desirable impacts on
fruit size and number, which may comprise increases in
yield for fruit crops, or reduced fruit yield, such as when
vegetative growth is preferred (e.g., with bushy ornamentals,
or where fruit is undesirable, as with ornamental olive trees).

Flower Structure, Inflorescence, and Development.

Presently disclosed transgenic transcription factors have
been used to create plants with larger flowers or arrange-
ments of flowers that are distinct from wild-type or non-
transformed cultivars. This would likely have the most value
for the ornamental horticulture industry, where larger flow-
ers or interesting presentations generally are preferred and
command the highest prices. Flower structure may have
advantageous effects on fertility, and could be used, for
example, to decrease fertility by the absence, reduction or
screening of reproductive components. One interesting
application for manipulation of flower structure, for
example, by introduced transcription factors could be in the
increased production of edible flowers or flower parts,
including saffron, which is derived from the stigmas of
Crocus sativus.
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Number and Development of Trichomes.

Several presently disclosed transcription factor genes
have been used to modify trichome number and amount of
trichome products in plants. Trichome glands on the surface
of many higher plants produce and secrete exudates that give
protection from the elements and pests such as insects,
microbes and herbivores. These exudates may physically
immobilize insects and spores, may be insecticidal or ant-
microbial or they may act as allergens or irritants to protect
against herbivores. Trichomes have also been suggested to
decrease transpiration by decreasing leaf surface air flow,
and by exuding chemicals that protect the leaf from the sun.

Another potential utilities for sequences that increase
trichome number is to increase the density of cotton fibers in
cotton bolls. Cotton fibers are modified unicellular
trichomes that are produced from the ovule epidermis.
However, typically only 30% of the epidermal cells take on
a trichome fate (Basra and Malik, 1984). Thus, cotton yields
might be increased by inducing a greater proportion of the
ovule epidermal cells to become fibers.

Seed Size, Color and Number.

The introduction of presently disclosed transcription fac-
tor genes into plants that alter the size or number of seeds
may have a significant impact on yield, both when the
product is the seed itself, or when biomass of the vegetative
portion of the plant is increased by reducing seed produc-
tion. In the case of fruit products, it is often advantageous to
modify a plant to have reduced size or number of seeds
relative to non-transformed plants to provide seedless or
varieties with reduced numbers or smaller seeds. Presently
disclosed transcription factor genes have also been shown to
affect seed size, including the development of larger seeds.
Seed size, in addition to seed coat integrity, thickness and
permeability, seed water content and by a number of other
components including antioxidants and oligosaccharides,
may affect seed longevity in storage. This would be an
important utility when the seed of a plant is the harvested
crops, as with, for example, peas, beans, nuts, etc. Presently
disclosed transcription factor genes have also been used to
modify seed color, which could provide added appeal to a
seed product.

Root Development, Modifications.

By modifying the structure or development of roots by
transforming into a plant one or more of the presently
disclosed transcription factor genes, plants may be produced
that have the capacity to thrive in otherwise unproductive
soils. For example, grape roots that extend further into rocky
soils, or that remain viable in waterlogged soils, would
increase the effective planting range of the crop. It may be
advantageous to manipulate a plant to produce short roots,
as when a soil in which the plant will be growing is
occasionally flooded, or when pathogenic fungi or disease-
causing nematodes are prevalent.

Modifications to Root Hairs.

Presently disclosed transcription factor genes that
increase root hair length or number potentially could be used
to increase root growth or vigor, which might in turn allow
better plant growth under adverse conditions such as limited
nutrient or water availability.

Apical Dominance.

The modified expression of presently disclosed transcrip-
tion factors that control apical dominance could be used in
ornamental horticulture, for example, to modify plant archi-
tecture.

Branching Patterns.

Several presently disclosed transcription factor genes
have been used to manipulate branching, which could pro-
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vide benefits in the forestry industry. For example, reduction
in the formation of lateral branches could reduce knot
formation. Conversely, increasing the number of lateral
branches could provide utility when a plant is used as a
windscreen, or may also provide ornamental advantages.

Leaf Shape, Color and Modifications.

It has been demonstrated in laboratory experiments that
overexpression of some of the presently disclosed transcrip-
tion factors produced marked effects on leaf development.
At early stages of growth, these transgenic seedlings devel-
oped narrow, upward pointing leaves with long petioles,
possibly indicating a disruption in circadian-clock con-
trolled processes or nyctinastic movements. Other transcrip-
tion factor genes can be used to increase plant biomass; large
size would be useful in crops where the vegetative portion
of the plant is the marketable portion.

Siliques.

Genes that later silique conformation in brassicates may
be used to modify fruit ripening processes in brassicates and
other plants, which may positively affect seed or fruit
quality.

Stem Morphology and Shoot Modifications.

Laboratory studies have demonstrated that introducing
several of the presently disclosed transcription factor genes
into plants can cause stem bifurcations in shoots, in which
the shoot meristems split to form two or three separate
shoots. This unique appearance would be desirable in orna-
mental applications.

Diseases, Pathogens and Pests.

A number of the presently disclosed transcription factor
genes have been shown to or are likely to confer resistance
to various plant diseases, pathogens and pests. The offending
organisms include fungal pathogens Fusarium oxysporum,
Botrytis cinerea, Sclerotinia sclerotiorum, and Erysiphe
orontii. Bacterial pathogens to which resistance may be
conferred include Pseudomonas syringae. Other problem
organisms may potentially include nematodes, mollicutes,
parasites, or herbivorous arthropods. In each case, one or
more transformed transcription factor genes may provide
some benefit to the plant to help prevent or overcome
infestation. The mechanisms by which the transcription
factors work could include increasing surface waxes or oils,
surface thickness, local senescence, or the activation of
signal transduction pathways that regulate plant defense in
response to attacks by herbivorous pests (including, for
example, protease inhibitors).

Increased Tolerance of Plants to Nutrient-Limited Soils.

Presently disclosed transcription factor genes introduced
into plants may provide the means to improve uptake of
essential nutrients, including nitrogenous compounds, phos-
phates, potassium, and trace minerals. The effect of these
modifications is to increase the seedling germination and
range of ornamental and crop plants. The utilities of pres-
ently disclosed transcription factor genes conferring toler-
ance to conditions of low nutrients also include cost savings
to the grower by reducing the amounts of fertilizer needed,
environmental benefits of reduced fertilizer runoff; and
improved yield and stress tolerance. In addition, this gene
could be used to alter seed protein amounts and/or compo-
sition that could impact yield as well as the nutritional value
and production of various food products.

Hormone Sensitivity.

One or more of the presently disclosed transcription factor
genes have been shown to affect plant abscisic acid (ABA)
sensitivity. This plant hormone is likely the most important
hormone in mediating the adaptation of a plant to stress. For
example, ABA mediates conversion of apical meristems into
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dormant buds. In response to increasingly cold conditions,
the newly developing leaves growing above the meristem
become converted into stiff bud scales that closely wrap the
meristem and protect it from mechanical damage during
winter. ABA in the bud also enforces dormancy; during
premature warm spells, the buds are inhibited from sprout-
ing. Bud dormancy is eliminated after either a prolonged
cold period of cold or a significant number of lengthening
days. Thus, by affecting ABA sensitivity, introduced tran-
scription factor genes may affect cold sensitivity and sur-
vivability. ABA is also important in protecting plants from
drought tolerance.

Several other of the present transcription factor genes
have been used to manipulate ethylene signal transduction
and response pathways. These genes can thus be used to
manipulate the processes influenced by ethylene, such as
seed germination or fruit ripening, and to improve seed or
fruit quality.

Production of Seed and Leaf Prenyl Lipids, Including
Tocopherol.

Prenyl lipids play a role in anchoring proteins in mem-
branes or membranous organelles. Thus, modifying the
prenyl lipid content of seeds and leaves could affect mem-
brane integrity and function. A number of presently dis-
closed transcription factor genes have been shown to modify
the tocopherol composition of plants. Tocopherols have both
anti-oxidant and vitamin E activity.

Production of Seed and Leaf Phytosterols:

Presently disclosed transcription factor genes that modify
levels of phytosterols in plants may have at least two
utilities. First, phytosterols are an important source of pre-
cursors for the manufacture of human steroid hormones.
Thus, regulation of transcription factor expression or activ-
ity could lead to elevated levels of important human steroid
precursors for steroid semi-synthesis. For example, tran-
scription factors that cause elevated levels of campesterol in
leaves, or sitosterols and stigmasterols in seed crops, would
be useful for this purpose. Phytosterols and their hydroge-
nated derivatives phytostanols also have proven cholesterol-
lowering properties, and transcription factor genes that
modify the expression of these compounds in plants would
thus provide health benefits.

Production of Seed and Leaf Glucosinolates.

Some glucosinolates have anti-cancer activity; thus,
increasing the levels or composition of these compounds by
introducing several of the presently disclosed transcription
factors might be of interest from a nutraceutical standpoint.
(3) Glucosinolates form part of a plants natural defense
against insects. Modification of glucosinolate composition
or quantity could therefore afford increased protection from
predators. Furthermore, in edible crops, tissue specific pro-
moters might be used to ensure that these compounds
accumulate specifically in tissues, such as the epidermis,
which are not taken for consumption.

Modified Seed Oil Content.

The composition of seeds, particularly with respect to
seed oil amounts and/or composition, is very important for
the nutritional value and production of various food and feed
products. Several of the presently disclosed transcription
factor genes in seed lipid saturation that alter seed oil content
could be used to improve the heat stability of oils or to
improve the nutritional quality of seed oil, by, for example,
reducing the number of calories in seed, increasing the
number of calories in animal feeds, or altering the ratio of
saturated to unsaturated lipids comprising the oils.
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Seed and Leaf Fatty Acid Composition.

A number of the presently disclosed transcription factor
genes have been shown to alter the fatty acid composition in
plants, and seeds in particular. This modification may find
particular value for improving the nutritional value of, for
example, seeds or whole plants. Dietary fatty acids ratios
have been shown to have an effect on, for example, bone
integrity and remodeling (see, for example, Weiler Pediatr.
Res. (2000) 47: 5 692-697). The ratio of dietary fatty acids
may alter the precursor pools of long-chain polyunsaturated
fatty acids that serve as precursors for prostaglandin syn-
thesis. In mammalian connective tissue, prostaglandins
serve as important signals regulating the balance between
resorption and formation in bone and cartilage. Thus dietary
fatty acid ratios altered in seeds may affect the etiology and
outcome of bone loss.

Modified Seed Protein Content.

As with seed oils, the composition of seeds, particularly
with respect to protein amounts and/or composition, is very
important for the nutritional value and production of various
food and feed products. A number of the presently disclosed
transcription factor genes modify the protein concentrations
in seeds would provide nutritional benefits, and may be used
to prolong storage, increase seed pest or disease resistance,
or modify germination rates.

Production of Flavonoids in Leaves and Other Plant Parts.

Expression of presently disclosed transcription factor
genes that increase flavonoid production in plants, including
anthocyanins and condensed tannins, may be used to alter in
pigment production for horticultural purposes, and possibly
increasing stress resistance. Flavonoids have antimicrobial
activity and could be used to engineer pathogen resistance.
Several flavonoid compounds have health promoting effects
such as the inhibition of tumor growth and cancer, preven-
tion of bone loss and the prevention of the oxidation of
lipids. Increasing levels of condensed tannins, whose bio-
synthetic pathway is shared with anthocyanin biosynthesis,
in forage legumes is an important agronomic trait because
they prevent pasture bloat by collapsing protein foams
within the rumen. For a review on the utilities of flavonoids
and their derivatives, refer to Dixon et al. (1999) Trends
Plant Sci. 4: 394-400.

Production of Diterpenes in Leaves and Other Plant Parts.

Depending on the plant species, varying amounts of
diverse secondary biochemicals (often lipophilic terpenes)
are produced and exuded or volatilized by trichomes. These
exotic secondary biochemicals, which are relatively easy to
extract because they are on the surface of the leaf, have been
widely used in such products as flavors and aromas, drugs,
pesticides and cosmetics. Thus, the overexpression of genes
that are used to produce diterpenes in plants may be accom-
plished by introducing transcription factor genes that induce
said overexpression. One class of secondary metabolites, the
diterpenes, can effect several biological systems such as
tumor progression, prostaglandin synthesis and tissue
inflammation. In addition, diterpenes can act as insect phero-
mones, termite allomones, and can exhibit neurotoxic, cyto-
toxic and antimitotic activities. As a result of this functional
diversity, diterpenes have been the target of research several
pharmaceutical ventures. In most cases where the metabolic
pathways are impossible to engineer, increasing trichome
density or size on leaves may be the only way to increase
plant productivity.

Production of Anthocyanin in Leaves and Other Plant
Parts.

Several presently disclosed transcription factor genes can
be used to alter anthocyanin production in numerous plant
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species. The potential utilities of these genes include altera-
tions in pigment production for horticultural purposes, and
possibly increasing stress resistance in combination with
another transcription factor.

Production of Miscellaneous Secondary Metabolites.

Microarray data suggests that flux through the aromatic
amino acid biosynthetic pathways and primary and second-
ary metabolite biosynthetic pathways are up-regulated. Pres-
ently disclosed transcription factors have been shown to be
involved in regulating alkaloid biosynthesis, in part by
up-regulating the enzymes indole-3-glycerol phosphatase
and strictosidine synthase. Phenylalanine ammonia lyase,
chalcone synthase and trans-cinnamate mono-oxygenase are
also induced, and are involved in phenylpropenoid biosyn-
thesis.

Sugar, Starch, Hemicellulose Composition.

Overexpression of the presently disclosed transcription
factors that affect sugar content resulted in plants with
altered leaf insoluble sugar content. Transcription factors
that alter plant cell wall composition have several potential
applications including altering food digestibility, plant ten-
sile strength, wood quality, pathogen resistance and in pulp
production. The potential utilities of a gene involved in
glucose-specific sugar sensing are to alter energy balance,
photosynthetic rate, carbohydrate accumulation, biomass
production, source-sink relationships, and senescence.

Hemicellulose is not desirable in paper pulps because of
its lack of strength compared with cellulose. Thus modulat-
ing the amounts of cellulose vs. hemicellulose in the plant
cell wall is desirable for the paper/lumber industry. Increas-
ing the insoluble carbohydrate content in various fruits,
vegetables, and other edible consumer products will result in
enhanced fiber content. Increased fiber content would not
only provide health benefits in food products, but might also
increase digestibility of forage crops. In addition, the hemi-
cellulose and pectin content of fruits and berries affects the
quality of jam and catsup made from them. Changes in
hemicellulose and pectin content could result in a superior
consumer product.

Plant Response to Sugars and Sugar Composition.

In addition to their important role as an energy source and
structural component of the plant cell, sugars are central
regulatory molecules that control several aspects of plant
physiology, metabolism and development. It is thought that
this control is achieved by regulating gene expression and,
in higher plants, sugars have been shown to repress or
activate plant genes involved in many essential processes
such as photosynthesis, glyoxylate metabolism, respiration,
starch and sucrose synthesis and degradation, pathogen
response, wounding response, cell cycle regulation, pigmen-
tation, flowering and senescence. The mechanisms by which
sugars control gene expression are not understood.

Because sugars are important signaling molecules, the
ability to control either the concentration of a signaling
sugar or how the plant perceives or responds to a signaling
sugar could be used to control plant development, physiol-
ogy or metabolism. For example, the flux of sucrose (a
disaccharide sugar used for systemically transporting carbon
and energy in most plants) has been shown to affect gene
expression and alter storage compound accumulation in
seeds. Manipulation of the sucrose signaling pathway in
seeds may therefore cause seeds to have more protein, oil or
carbohydrate, depending on the type of manipulation. Simi-
larly, in tubers, sucrose is converted to starch which is used
as an energy store. It is thought that sugar signaling path-
ways may partially determine the levels of starch synthe-
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sized in the tubers. The manipulation of sugar signaling in
tubers could lead to tubers with a higher starch content.

Thus, the presently disclosed transcription factor genes
that manipulate the sugar signal transduction pathway may
lead to altered gene expression to produce plants with
desirable traits. In particular, manipulation of sugar signal
transduction pathways could be used to alter source-sink
relationships in seeds, tubers, roots and other storage organs
leading to increase in yield.

Plant Growth Rate and Development.

A number of the presently disclosed transcription factor
genes have been shown to have significant effects on plant
growth rate and development. These observations have
included, for example, more rapid or delayed growth and
development of reproductive organs. This would provide
utility for regions with short or long growing seasons,
respectively. Accelerating plant growth would also improve
early yield or increase biomass at an earlier stage, when such
is desirable (for example, in producing forestry products).

Embryo Development.

Presently disclosed transcription factor genes that alter
embryo development has been used to alter seed protein and
oil amounts and/or composition which is very important for
the nutritional value and production of various food prod-
ucts. Seed shape and seed coat may also be altered by these
genes, which may provide for improved storage stability.

Seed Germination Rate.

A number of the presently disclosed transcription factor
genes have been shown to modify seed germination rate,
including when the seeds are in conditions normally unfa-
vorable for germination (e.g., cold, heat or salt stress, or in
the presence of ABA), and may thus be used to modify and
improve germination rates under adverse conditions.

Plant, Seedling Vigor.

Seedlings transformed with presently disclosed transcrip-
tion factors have been shown to possess larger cotyledons
and appeared somewhat more advanced than control plants.
This indicates that the seedlings developed more rapidly that
the control plants. Rapid seedling development is likely to
reduce loss due to diseases particularly prevalent at the
seedling stage (e.g., damping off) and is thus important for
survivability of plants germinating in the field or in con-
trolled environments.

Senescence, Cell Death.

Presently disclosed transcription factor genes may be used
to alter senescence responses in plants. Although leaf senes-
cence is thought to be an evolutionary adaptation to recycle
nutrients, the ability to control senescence in an agricultural
setting has significant value. For example, a delay in leaf
senescence in some maize hybrids is associated with a
significant increase in yields and a delay of a few days in the
senescence of soybean plants can have a large impact on
yield. Delayed flower senescence may also generate plants
that retain their blossoms longer and this may be of potential
interest to the ornamental horticulture industry.

Modified Fertility.

Plants that overexpress a number of the presently dis-
closed transcription factor genes have been shown to possess
reduced fertility. This could be a desirable trait, as it could
be exploited to prevent or minimize the escape of the pollen
of genetically modified organisms (GMOs) into the envi-
ronment.

Early and Delayed Flowering.

Presently disclosed transcription factor genes that accel-
erate flowering could have valuable applications in such
programs since they allow much faster generation times. In
a number of species, for example, broccoli, cauliflower,
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where the reproductive parts of the plants constitute the crop
and the vegetative tissues are discarded, it would be advan-
tageous to accelerate time to flowering. Accelerating flow-
ering could shorten crop and tree breeding programs. Addi-
tionally, in some instances, a faster generation time might
allow additional harvests of a crop to be made within a given
growing season. A number of Arabidopsis genes have
already been shown to accelerate flowering when constitu-
tively expressed. These include LEAFY, APETALA1 and
CONSTANS (Mandel et al. (1995) Nature 377: 522-524;
Weigel and Nilsson (1995) Nature 377: 495-500; and Simon
et al. (1996) Nature 384: 59-62).

By regulating the expression of potential flowering using
inducible promoters, flowering could be triggered by appli-
cation of an inducer chemical. This would allow flowering
to be synchronized across a crop and facilitate more efficient
harvesting. Such inducible systems could also be used to
tune the flowering of crop varieties to different latitudes. At
present, species such as soybean and cotton are available as
a series of maturity groups that are suitable for different
latitudes on the basis of their flowering time (which is
governed by day-length). A system in which flowering could
be chemically controlled would allow a single high-yielding
northern maturity group to be grown at any latitude. In
southern regions such plants could be grown for longer,
thereby increasing yields, before flowering was induced. In
more northern areas, the induction would be used to ensure
that the crop flowers prior to the first winter frosts.

In a sizeable number of species, for example, root crops,
where the vegetative parts of the plants constitute the crop
and the reproductive tissues are discarded, it would be
advantageous to delay or prevent flowering. Extending
vegetative development with presently disclosed transcrip-
tion factor genes could thus bring about large increases in
yields. Prevention of flowering might help maximize veg-
etative yields and prevent escape of genetically modified
organism (GMO) pollen.

Extended Flowering Phase.

Presently disclosed transcription factors that extend flow-
ering time have utility in engineering plants with longer-
lasting flowers for the horticulture industry, and for extend-
ing the time in which the plant is fertile.

Flower and Leaf Development.

Presently disclosed transcription factor genes have been
used to modify the development of flowers and leaves. This
could be advantageous in the development of new ornamen-
tal cultivars that present unique configurations. In addition,
some of these genes have been shown to reduce a plant’s
fertility, which is also useful for helping to prevent devel-
opment of pollen of GMOs.

Flower Abscission.

Presently disclosed transcription factor genes introduced
into plants have been used to retain flowers for longer
periods. This would provide a significant benefit to the
ornamental industry, for both cut flowers and woody plant
varieties (of, for example, maize), as well as have the
potential to lengthen the fertile period of a plant, which
could positively impact yield and breeding programs.

A listing of specific effects and utilities that the presently
disclosed transcription factor genes have on plants, as deter-
mined by direct observation and assay analysis, is provided
in Tables 4 and 6.

Antisense and Co-Suppression

In addition to expression of the nucleic acids of the
invention as gene replacement or plant phenotype modifi-
cation nucleic acids, the nucleic acids are also useful for
sense and anti-sense suppression of expression, e.g., to
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down-regulate expression of a nucleic acid of the invention,
e.g., as a further mechanism for modulating plant phenotype.
That is, the nucleic acids of the invention, or subsequences
or anti-sense sequences thereof, can be used to block expres-
sion of naturally occurring homologous nucleic acids. A
variety of sense and anti-sense technologies are known in
the art, e.g., as set forth in Lichtenstein and Nellen (1997)
Antisense Technology: A Practical Approach IRL Press at
Oxford University Press, Oxford, U.K. In general, sense or
anti-sense sequences are introduced into a cell, where they
are optionally amplified, e.g., by transcription. Such
sequences include both simple oligonucleotide sequences
and catalytic sequences such as ribozymes.

For example, a reduction or elimination of expression
(i.e., a “knock-out”) of a transcription factor or transcription
factor homologue polypeptide in a transgenic plant, e.g., to
modify a plant trait, can be obtained by introducing an
antisense construct corresponding to the polypeptide of
interest as a cDNA. For antisense suppression, the transcrip-
tion factor or homologue cDNA is arranged in reverse
orientation (with respect to the coding sequence) relative to
the promoter sequence in the expression vector. The intro-
duced sequence need not be the full length cDNA or gene,
and need not be identical to the cDNA or gene found in the
plant type to be transformed. Typically, the antisense
sequence need only be capable of hybridizing to the target
gene or RNA of interest. Thus, where the introduced
sequence is of shorter length, a higher degree of homology
to the endogenous transcription factor sequence will be
needed for effective antisense suppression. While antisense
sequences of various lengths can be utilized, preferably, the
introduced antisense sequence in the vector will be at least
30 nucleotides in length, and improved antisense suppres-
sion will typically be observed as the length of the antisense
sequence increases. Preferably, the length of the antisense
sequence in the vector will be greater than 100 nucleotides.
Transcription of an antisense construct as described results
in the production of RNA molecules that are the reverse
complement of mRNA molecules transcribed from the
endogenous transcription factor gene in the plant cell.

Suppression of endogenous transcription factor gene
expression can also be achieved using a ribozyme.
Ribozymes are RNA molecules that possess highly specific
endoribonuclease activity. The production and use of
ribozymes are disclosed in U.S. Pat. No. 4,987,071 and U.S.
Pat. No. 5,543,508. Synthetic ribozyme sequences including
antisense RNAs can be used to confer RNA cleaving activity
on the antisense RNA, such that endogenous mRNA mol-
ecules that hybridize to the antisense RNA are cleaved,
which in turn leads to an enhanced antisense inhibition of
endogenous gene expression.

Suppression of endogenous transcription factor gene
expression can also be achieved using RNA interference, or
RNAi. RNAI is a post-transcriptional, targeted gene-silenc-
ing technique that uses double-stranded RNA (dsRNA) to
incite degradation of messenger RNA (mRNA) containing
the same sequence as the dsRNA (Constans, (2002) The
Scientist 16: 36). Small interfering RNAs, or siRNAs are
produced in at least two steps: an endogenous ribonuclease
cleaves longer dsRNA into shorter, 21-23 nucleotide-long
RNAs. The siRNA segments then mediate the degradation of
the target mRNA (Zamore, (2001) Nature Struct. Biol. 8:
746-50). RNAI has been used for gene function determina-
tion in a manner similar to antisense oligonucleotides (Con-
stans, (2002) The Scientist 16: 36). Expression vectors that
continually express siRNAs in transiently and stably trans-
fected have been engineered to express small hairpin RNAs
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(shRNAs), which get processed in vivo into siRNAs-like
molecules capable of carrying out gene-specific silencing
(Brummelkamp et al. (2002) Science 296: 550-553, and
Paddison et al. (2002) Genes & Dev. 16: 948-958). Post-
transcriptional gene silencing by double-stranded RNA is
discussed in further detail by Hammond et al. (2001) Nature
Rev Gen 2: 110-119, Fire et al. (1998) Nature 391: 806-811
and Timmons and Fire (1998) Nature 395: 854.

Vectors in which RNA encoded by a transcription factor
or transcription factor homologue cDNA is over-expressed
can also be used to obtain co-suppression of a corresponding
endogenous gene, e.g., in the manner described in U.S. Pat.
No. 5,231,020 to Jorgensen. Such co-suppression (also
termed sense suppression) does not require that the entire
transcription factor cDNA be introduced into the plant cells,
nor does it require that the introduced sequence be exactly
identical to the endogenous transcription factor gene of
interest. However, as with antisense suppression, the sup-
pressive efficiency will be enhanced as specificity of hybrid-
ization is increased, e.g., as the introduced sequence is
lengthened, and/or as the sequence similarity between the
introduced sequence and the endogenous transcription factor
gene is increased.

Vectors expressing an untranslatable form of the tran-
scription factor mRNA, e.g., sequences comprising one or
more stop codon, or nonsense mutation) can also be used to
suppress expression of an endogenous transcription factor,
thereby reducing or eliminating it’s activity and modifying
one or more traits. Methods for producing such constructs
are described in U.S. Pat. No. 5,583,021. Preferably, such
constructs are made by introducing a premature stop codon
into the transcription factor gene. Alternatively, a plant trait
can be modified by gene silencing using double-strand RNA
(Sharp (1999) Genes Devel. 13: 139-141). Another method
for abolishing the expression of a gene is by insertion
mutagenesis using the T-DNA of Agrobacterium tumefa-
ciens. After generating the insertion mutants, the mutants
can be screened to identify those containing the insertion in
a transcription factor or transcription factor homologue
gene. Plants containing a single transgene insertion event at
the desired gene can be crossed to generate homozygous
plants for the mutation. Such methods are well known to
those of skill in the art. (See for example Koncz et al. (1992)
Methods in Avabidopsis Research, World Scientific.)

Alternatively, a plant phenotype can be altered by elimi-
nating an endogenous gene, such as a transcription factor or
transcription factor homologue, e.g., by homologous recom-
bination (Kempin et al. (1997) Nature 389: 802-803).

A plant trait can also be modified by using the Cre-lox
system (for example, as described in U.S. Pat. No. 5,658,
772). A plant genome can be modified to include first and
second lox sites that are then contacted with a Cre recom-
binase. If the lox sites are in the same orientation, the
intervening DNA sequence between the two sites is excised.
If the lox sites are in the opposite orientation, the intervening
sequence is inverted.

The polynucleotides and polypeptides of this invention
can also be expressed in a plant in the absence of an
expression cassette by manipulating the activity or expres-
sion level of the endogenous gene by other means. For
example, by ectopically expressing a gene by T-DNA acti-
vation tagging (Ichikawa et al. (1997) Nature 390 698-701;
Kakimoto et al. (1996) Science 274: 982-985). This method
entails transforming a plant with a gene tag containing
multiple transcriptional enhancers and once the tag has
inserted into the genome, expression of a flanking gene
coding sequence becomes deregulated. In another example,
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the transcriptional machinery in a plant can be modified so
as to increase transcription levels of a polynucleotide of the
invention (See, e.g., PCT Publications WO 96/06166 and
WO 98/53057 which describe the modification of the DNA-
binding specificity of zinc finger proteins by changing
particular amino acids in the DNA-binding motif).

The transgenic plant can also include the machinery
necessary for expressing or altering the activity of a poly-
peptide encoded by an endogenous gene, for example by
altering the phosphorylation state of the polypeptide to
maintain it in an activated state.

Transgenic plants (or plant cells, or plant explants, or
plant tissues) incorporating the polynucleotides of the inven-
tion and/or expressing the polypeptides of the invention can
be produced by a variety of well established techniques as
described above. Following construction of a vector, most
typically an expression cassette, including a polynucleotide,
e.g., encoding a transcription factor or transcription factor
homologue, of the invention, standard techniques can be
used to introduce the polynucleotide into a plant, a plant cell,
a plant explant or a plant tissue of interest. Optionally, the
plant cell, explant or tissue can be regenerated to produce a
transgenic plant.

The plant can be any higher plant, including gymno-
sperms, monocotyledonous and dicotyledonous plants. Suit-
able protocols are available for Leguminosae (alfalfa, soy-
bean, clover, etc.), Umbelliferae (carrot, celery, parsnip),
Cruciferae (cabbage, radish, rapeseed, broccoli, etc.), Cur-
curbitaceae (melons and cucumber), Gramineae (wheat,
corn, rice, barley, millet, etc.), Solanaceae (potato, tomato,
tobacco, peppers, etc.), and various other crops. See proto-
cols described in Ammirato et al. (1984) Handbook of Plant
Cell Culture Crop Species, Macmillan Publ. Co. Shimamoto
et al. (1989) Nature 338: 274-276; Fromm et al. (1990)
Bio/Technology 8: 833-839; and Vasil et al. (1990) Bio/
Technology 8: 429-434.

Transformation and regeneration of both monocotyledon-
ous and dicotyledonous plant cells is now routine, and the
selection of the most appropriate transformation technique
will be determined by the practitioner. The choice of method
will vary with the type of plant to be transformed; those
skilled in the art will recognize the suitability of particular
methods for given plant types. Suitable methods can include,
but are not limited to: electroporation of plant protoplasts;
liposome-mediated transformation; polyethylene glycol
(PEG) mediated transformation; transformation using
viruses; micro-injection of plant cells; micro-projectile bom-
bardment of plant cells; vacuum infiltration; and Agrobac-
terium tumefaciens mediated transformation. Transforma-
tion means introducing a nucleotide sequence into a plant in
a manner to cause stable or transient expression of the
sequence.

Successtul examples of the modification of plant charac-
teristics by transformation with cloned sequences which
serve to illustrate the current knowledge in this field of
technology, and which are herein incorporated by reference,
include: U.S. Pat. Nos. 5,571,706, 5,677,175, 5,510,471,
5,750,386; 5,597,945; 5,589,615; 5,750,871; 5,268,526;
5,780,708, 5,538,880, 5,773,269; 5,736,369 and 5,610,042.

Following transformation, plants are preferably selected
using a dominant selectable marker incorporated into the
transformation vector. Typically, such a marker will confer
antibiotic or herbicide resistance on the transformed plants,
and selection of transformants can be accomplished by
exposing the plants to appropriate concentrations of the
antibiotic or herbicide.
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After transformed plants are selected and grown to matu-
rity, those plants showing a modified trait are identified. The
modified trait can be any of those traits described above.
Additionally, to confirm that the modified trait is due to
changes in expression levels or activity of the polypeptide or
polynucleotide of the invention can be determined by ana-
lyzing mRNA expression using Northern blots, RT-PCR or
microarrays, or protein expression using immunoblots or
Western blots or gel shift assays.

Integrated Systems—Sequence Identity

Additionally, the present invention may be an integrated
system, computer or computer readable medium that com-
prises an instruction set for determining the identity of one
or more sequences in a database. In addition, the instruction
set can be used to generate or identify sequences that meet
any specified criteria. Furthermore, the instruction set may
be used to associate or link certain functional benefits, such
improved characteristics, with one or more identified
sequence.

For example, the instruction set can include, e.g., a
sequence comparison or other alignment program, e.g., an
available program such as, for example, the Wisconsin
Package Version 10.0, such as BLAST, FASTA, PILEUP,
FINDPATTERNS or the like (GCG, Madison, Wis.). Public
sequence databases such as GenBank, EMBL, Swiss-Prot
and PIR or private sequence databases such as PHYTOSEQ
sequence database (Incyte Genomics, Palo Alto, Calif.) can
be searched.

Alignment of sequences for comparison can be conducted
by the local homology algorithm of Smith and Waterman
(1981) Adv. Appl. Math. 2: 482-489, by the homology
alignment algorithm of Needleman and Wunsch (1970) J.
Mol. Biol. 48: 443-453, by the search for similarity method
of Pearson and Lipman (1988) Proc. Natl. Acad. Sci. U.S.A.
85: 2444-2448, by computerized implementations of these
algorithms. After alignment, sequence comparisons between
two (or more) polynucleotides or polypeptides are typically
performed by comparing sequences of the two sequences
over a comparison window to identify and compare local
regions of sequence similarity. The comparison window can
be a segment of at least about 20 contiguous positions,
usually about 50 to about 200, more usually about 100 to
about 150 contiguous positions. A description of the method
is provided in Ausubel et al., supra.

A variety of methods for determining sequence relation-
ships can be used, including manual alignment and com-
puter assisted sequence alignment and analysis. This later
approach is a preferred approach in the present invention,
due to the increased throughput afforded by computer
assisted methods. As noted above, a variety of computer
programs for performing sequence alignment are available,
or can be produced by one of skill.

One example algorithm that is suitable for determining
percent sequence identity and sequence similarity is the
BLAST algorithm, which is described in Altschul et al. J.
Mol. Biol. 215: 403-410 (1990). Software for performing
BLAST analyses is publicly available, e.g., through the
National Center for Biotechnology Information (see internet
website at ncbi.nlm.nih.gov). This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identify-
ing short words of length W in the query sequence, which
either match or satisfy some positive-valued threshold score
T when aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul et al., supra). These initial neighborhood
word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits are then extended in
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both directions along each sequence for as far as the cumu-
lative alignment score can be increased. Cumulative scores
are calculated using, for nucleotide sequences, the param-
eters M (reward score for a pair of matching residues;
always >0) and N (penalty score for mismatching residues;
always <0). For amino acid sequences, a scoring matrix is
used to calculate the cumulative score. Extension of the
word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maxi-
mum achieved value; the cumulative score goes to zero or
below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is
reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as
defaults a wordlength (W) of 11, an expectation (E) of 10,
a cutoff of 100, M=5, N=-4, and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength (W) of 3, an expectation (E)
of 10, and the BLOSUMS62 scoring matrix (see Henikoff &
Henikoff' (1989) Proc. Natl. Acad. Sci. USA 89: 10915).
Unless otherwise indicated, “sequence identity” here refers
to the % sequence identity generated from a tblastx using the
NCBI version of the algorithm at the default settings using
gapped alignments with the filter “off” (see, for example,
internet website at ncbi.nlm.nih.gov).

In addition to calculating percent sequence identity, the
BLAST algorithm also performs a statistical analysis of the
similarity between two sequences (see, e.g., Karlin & Alts-
chul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-5787). One
measure of similarity provided by the BLAST algorithm is
the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two
nucleotide or amino acid sequences would occur by chance.
For example, a nucleic acid is considered similar to a
reference sequence (and, therefore, in this context, homolo-
gous) if the smallest sum probability in a comparison of the
test nucleic acid to the reference nucleic acid is less than
about 0.1, or less than about 0.01, and or even less than about
0.001. An additional example of a useful sequence align-
ment algorithm is PILEUP. PILEUP creates a multiple
sequence alignment from a group of related sequences using
progressive, pairwise alignments. The program can align,
e.g., up to 300 sequences of a maximum length of 5,000
letters.

The integrated system, or computer typically includes a
user input interface allowing a user to selectively view one
or more sequence records corresponding to the one or more
character strings, as well as an instruction set which aligns
the one or more character strings with each other or with an
additional character string to identify one or more region of
sequence similarity. The system may include a link of one or
more character strings with a particular phenotype or gene
function. Typically, the system includes a user readable
output element that displays an alignment produced by the
alignment instruction set.

The methods of this invention can be implemented in a
localized or distributed computing environment. In a dis-
tributed environment, the methods may be implemented on
a single computer comprising multiple processors or on a
multiplicity of computers. The computers can be linked, e.g.
through a common bus, but more preferably the computer(s)
are nodes on a network. The network can be a generalized
or a dedicated local or wide-area network and, in certain
preferred embodiments, the computers may be components
of an intra-net or an internet.
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Thus, the invention provides methods for identifying a
sequence similar or homologous to one or more polynucle-
otides as noted herein, or one or more target polypeptides
encoded by the polynucleotides, or otherwise noted herein
and may include linking or associating a given plant phe-
notype or gene function with a sequence. In the methods, a
sequence database is provided (locally or across an inter or
intra net) and a query is made against the sequence database
using the relevant sequences herein and associated plant
phenotypes or gene functions.

Any sequence herein can be entered into the database,
before or after querying the database. This provides for both
expansion of the database and, if done before the querying
step, for insertion of control sequences into the database.
The control sequences can be detected by the query to ensure
the general integrity of both the database and the query. As
noted, the query can be performed using a web browser
based interface. For example, the database can be a central-
ized public database such as those noted herein, and the
querying can be done from a remote terminal or computer
across an internet or intranet.

EXAMPLES

The following examples are intended to illustrate but not
limit the present invention. The complete descriptions of the
traits associated with each polynucleotide of the invention is
fully disclosed in Table 4 and Table 6.

Example [
Full Length Gene Identification and Cloning

Putative transcription factor sequences (genomic or ESTs)
related to known transcription factors were identified in the
Arabidopsis thaliana GenBank database using the tblastn
sequence analysis program using default parameters and a
P-value cutoff threshold of -4 or -5 or lower, depending on
the length of the query sequence. Putative transcription
factor sequence hits were then screened to identify those
containing particular sequence strings. If the sequence hits
contained such sequence strings, the sequences were con-
firmed as transcription factors.

Alternatively, Arabidopsis thaliana cDNA libraries
derived from different tissues or treatments, or genomic
libraries were screened to identify novel members of a
transcription family using a low stringency hybridization
approach. Probes were synthesized using gene specific prim-
ers in a standard PCR reaction (annealing temperature 60°
C.) and labeled with **P dCTP using the High Prime DNA
Labeling Kit (Boehringer Mannheim). Purified radiolabelled
probes were added to filters immersed in Church hybridiza-
tion medium (0.5 M NaPO, pH 7.0, 7% SDS, 1% w/v bovine
serum albumin) and hybridized overnight at 60° C. with
shaking. Filters were washed two times for 45 to 60 minutes
with 1xSCC, 1% SDS at 60° C.

To identify additional sequence 5' or 3' of a partial cDNA
sequence in a cDNA library, 5' and 3' rapid amplification of
c¢DNA ends (RACE) was performed using the Marathon™
c¢DNA amplification kit (Clontech, Palo Alto, Calif.). Gen-
erally, the method entailed first isolating poly(A) mRNA,
performing first and second strand cDNA synthesis to gen-
erate double stranded cDNA, blunting cDNA ends, followed
by ligation of the Marathon™ Adaptor to the cDNA to form
a library of adaptor-ligated ds cDNA.

Gene-specific primers were designed to be used along
with adaptor specific primers for both 5' and 3' RACE
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reactions. Nested primers, rather than single primers, were
used to increase PCR specificity. Using 5' and 3' RACE
reactions, 5' and 3' RACE fragments were obtained,
sequenced and cloned. The process can be repeated until 5'
and 3' ends of the full-length gene were identified. Then the
full-length ¢cDNA was generated by PCR using primers
specific to 5' and 3' ends of the gene by end-to-end PCR.

Example 11
Construction of Expression Vectors

The sequence was amplified from a genomic or cDNA
library using primers specific to sequences upstream and
downstream of the coding region. The expression vector was
pMEN20 or pMENG6S, which are both derived from
pMON316 (Sanders et al. (1987) Nucleic Acids Res. 15:
1543-1558) and contain the CaMV 35S promoter to express
transgenes. To clone the sequence into the vector, both
pMEN20 and the amplified DNA fragment were digested
separately with Sall and Notl restriction enzymes at 37° C.
for 2 hours. The digestion products were subject to electro-
phoresis in a 0.8% agarose gel and visualized by ethidium
bromide staining. The DNA fragments containing the
sequence and the linearized plasmid were excised and
purified by using a Qiaquick gel extraction kit (Qiagen,
Valencia Calif.). The fragments of interest were ligated at a
ratio of 3:1 (vector to insert). Ligation reactions using T4
DNA ligase (New England Biolabs, Beverly Mass.) were
carried out at 16° C. for 16 hours. The ligated DNAs were
transformed into competent cells of the £. coli strain DHSa
by using the heat shock method. The transformations were
plated on LB plates containing 50 mg/l kanamycin (Sigma,
St. Louis, Mo.). Individual colonies were grown overnight in
five milliliters of LB broth containing 50 mg/l kanamycin at
37° C. Plasmid DNA was purified by using Qiaquick Mini
Prep kits (Qiagen).

Example 111

Transformation of Agrobacterium with the
Expression Vector

After the plasmid vector containing the gene was con-
structed, the vector was used to transform Agrobacterium
tumefaciens cells expressing the gene products. The stock of
Agrobacterium tumefaciens cells for transformation were
made as described by Nagel et al. (1990) FEMS Microbiol
Letts. 67: 325-328. Agrobacterium strain ABI was grown in
250 ml LB medium (Sigma) overnight at 28° C. with
shaking until an absorbance (Agy,) of 0.5-1.0 was reached.
Cells were harvested by centrifugation at 4,000xg for 15 min
at 4° C. Cells were then resuspended in 250 pl A chilled
buffer (1 mM HEPES, pH adjusted to 7.0 with KOH). Cells
were centrifuged again as described above and resuspended
in 125 wl chilled buffer. Cells were then centrifuged and
resuspended two more times in the same HEPES buffer as
described above at a volume of 100 pl and 750 pl, respec-
tively. Resuspended cells were then distributed into 40 ul
aliquots, quickly frozen in liquid nitrogen, and stored at
-80° C.

Agrobacterium cells were transformed with plasmids pre-
pared as described above following the protocol described
by Nagel et al. For each DNA construct to be transformed,
50-100 ng DNA (generally resuspended in 10 mM Tris-HCl,
1 mM EDTA, pH 8.0) was mixed with 40 ul of Agrobac-
terium cells. The DNA/cell mixture was then transferred to
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a chilled cuvette with a 2 mm electrode gap and subject to
a2.5kV charge dissipated at 25 pF and 200 pF using a Gene
Pulser 11 apparatus (Bio-Rad, Hercules, Calif.). After elec-
troporation, cells were immediately resuspended in 1.0 ml
LB and allowed to recover without antibiotic selection for
2-4 hours at 28° C. in a shaking incubator. After recovery,
cells were plated onto selective medium of LB broth con-
taining 100 pug/ml spectinomycin (Sigma) and incubated for
24-48 hours at 28° C. Single colonies were then picked and
inoculated in fresh medium. The presence of the plasmid
construct was verified by PCR amplification and sequence
analysis.

Example IV

Transformation of Arabidopsis Plants with
Agrobacterium tumefaciens with Expression Vector

After transformation of Agrobacterium tumefaciens with
plasmid vectors containing the gene, single Agrobacterium
colonies were identified, propagated, and used to transform
Arabidopsis plants. Briefly, 500 ml cultures of LB medium
containing 50 mg/l kanamycin were inoculated with the
colonies and grown at 28° C. with shaking for 2 days until
an optical absorbance at 600 nm wavelength over 1 cm
(Agoo) of >2.0 is reached. Cells were then harvested by
centrifugation at 4,000xg for 10 min, and resuspended in
infiltration medium (Y2x Murashige and Skoog salts
(Sigma), 1x Gamborg’s B-5 vitamins (Sigma), 5.0% (w/v)
sucrose (Sigma), 0.044 uM benzylamino purine (Sigma),
200 pl/1 Silwet L-77 (Lehle Seeds) until an A, of 0.8 was
reached.

Prior to transformation, Arabidopsis thaliana seeds
(ecotype Columbia) were sown at a density of ~10 plants per
4" pot onto Pro-Mix BX potting medium (Hummert Inter-
national) covered with fiberglass mesh (18 mmx16 mm).
Plants were grown under continuous illumination (50-75
uE/m?/sec) at 22-23° C. with 65-70% relative humidity.
After about 4 weeks, primary inflorescence stems (bolts) are
cut off to encourage growth of multiple secondary bolts.
After flowering of the mature secondary bolts, plants were
prepared for transformation by removal of all siliques and
opened flowers.

The pots were then immersed upside down in the mixture
of Agrobacterium infiltration medium as described above for
30 sec, and placed on their sides to allow draining into a
1'x2" flat surface covered with plastic wrap. After 24 h, the
plastic wrap was removed and pots are turned upright. The
immersion procedure was repeated one week later, for a total
of two immersions per pot. Seeds were then collected from
each transformation pot and analyzed following the protocol
described below.

Example V
Identification of Arabidopsis Primary Transformants

Seeds collected from the transformation pots were steril-
ized essentially as follows. Seeds were dispersed into in a
solution containing 0.1% (v/v) Triton X-100 (Sigma) and
sterile H,O and washed by shaking the suspension for 20
min. The wash solution was then drained and replaced with
fresh wash solution to wash the seeds for 20 min with
shaking. After removal of the second wash solution, a
solution containing 0.1% (v/v) Triton X-100 and 70% etha-
nol (Equistar) was added to the seeds and the suspension was
shaken for 5 min. After removal of the ethanol/detergent
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solution, a solution containing 0.1% (v/v) Triton X-100 and
30% (v/v) bleach (Clorox) was added to the seeds, and the
suspension was shaken for 10 min. After removal of the
bleach/detergent solution, seeds were then washed five times
in sterile distilled H,O. The seeds were stored in the last
wash water at 4° C. for 2 days in the dark before being plated
onto antibiotic selection medium (1x Murashige and Skoog
salts (pH adjusted to 5.7 with 1M KOH), 1x Gamborg’s B-5
vitamins, 0.9% phytagar (Life Technologies), and 50 mg/1
kanamycin). Seeds were germinated under continuous illu-
mination (50-75 uE/m?/sec) at 22-23° C. After 7-10 days of
growth under these conditions, kanamycin resistant primary
transformants (T, generation) were visible and obtained.
These seedlings were transferred first to fresh selection
plates where the seedlings continued to grow for 3-5 more
days, and then to soil (Pro-Mix BX potting medium).

Primary transformants were crossed and progeny seeds
(T,) collected; kanamycin resistant seedlings were selected
and analyzed. The expression levels of the recombinant
polynucleotides in the transformants varies from about a 5%
expression level increase to a least a 100% expression level
increase. Similar observations are made with respect to
polypeptide level expression.

Example VI

Identification of Arabidopsis Plants with
Transcription Factor Gene Knockouts

The screening of insertion mutagenized Arabidopsis col-
lections for null mutants in a known target gene was
essentially as described in Krysan et al (1999) Plant Cell 11:
2283-2290. Briefly, gene-specific primers, nested by 5-250
base pairs to each other, were designed from the 5' and 3'
regions of a known target gene. Similarly, nested sets of
primers were also created specific to each of the T-DNA or
transposon ends (the “right” and “left” borders). All possible
combinations of gene specific and T-DNA/transposon prim-
ers were used to detect by PCR an insertion event within or
close to the target gene. The amplified DNA fragments were
then sequenced which allows the precise determination of
the T-DNA/transposon insertion point relative to the target
gene. Insertion events within the coding or intervening
sequence of the genes were deconvoluted from a pool
comprising a plurality of insertion events to a single unique
mutant plant for functional characterization. The method is
described in more detail in Yu and Adam, U.S. application
Ser. No. 09/177,733 filed Oct. 23, 1998.

Example VII
Morphological Analysis

Morphological analysis was performed to determine
whether changes in transcription factor levels affect plant
growth and development. This was primarily carried out on
the T1 generation, when at least 10-20 independent lines
were examined. However, in cases where a phenotype
required confirmation or detailed characterization, plants
from subsequent generations were also analyzed.

Primary transformants were selected on MS medium with
0.3% sucrose and 50 mg/l kanamycin. T2 and later genera-
tion plants were selected in the same manner, except that
kanamycin was used at 35 mg/l. In cases where lines carry
a sulfonamide marker (as in all lines generated by super-
transformation), seeds were selected on MS medium with
0.3% sucrose and 1.5 mg/l sulfonamide. KO lines were
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usually germinated on plates without a selection. Seeds were
cold-treated (stratified) on plates for 3 days in the dark (in
order to increase germination efficiency) prior to transfer to
growth cabinets. Initially, plates were incubated at 22° C.
under a light intensity of approximately 100 microEinsteins
for 7 days. At this stage, transformants were green, pos-
sessed the first two true leaves, and were easily distinguished
from bleached kanamycin or sulfonamide-susceptible seed-
lings. Resistant seedlings were then transferred onto soil
(Sunshine potting mix). Following transfer to soil, trays of
seedlings were covered with plastic lids for 2-3 days to
maintain humidity while they became established. Plants
were grown on soil under fluorescent light at an intensity of
70-95 microEinsteins and a temperature of 18-23° C. Light
conditions consisted of a 24-hour photoperiod unless other-
wise stated. In instances where alterations in flowering time
was apparent, flowering was re-examined under both
12-hour and 24-hour light to assess whether the phenotype
was photoperiod dependent. Under 24-hour light growth
conditions, the typical generation time (seed to seed) was
approximately 14 weeks.

Because many aspects of Arabidopsis development are
dependent on localized environmental conditions, in all
cases plants were evaluated in comparison to controls in the
same flat. Controls for transgenic lines were generally
wild-type plants or, where specifically indicated, transgenic
plants harboring an empty transformation vector selected on
kanamycin or sulfonamide. Careful examination was made
at the following stages: seedling (1 week), rosette (2-3
weeks), flowering (4-7 weeks), and late seed set (8-12
weeks). Seed was also inspected. Seedling morphology was
assessed on selection plates. At all other stages, plants were
macroscopically evaluated while growing on soil. All sig-
nificant differences (including alterations in growth rate,
size, leaf and flower morphology, coloration and flowering
time) were recorded, but routine measurements were not be
taken if no differences were apparent. In certain cases, stem
sections were stained to reveal lignin distribution. In these
instances, hand-sectioned stems were mounted in phlorog-
Iucinol saturated 2M HCI (which stains lignin pink) and
viewed immediately under a dissection microscope.

Flowering time was measured by the number of rosette
leaves present when a visible inflorescence of approximately
3 cm is apparent Rosette and total leaf number on the
progeny stem are tightly correlated with the timing of
flowering (Koornneef et al (1991) Mol. Gen. Genet. 229:
57-66. The vernalization response was measured. For ver-
nalization treatments, seeds were sown to MS agar plates,
sealed with micropore tape, and placed in a 4° C. cold room
with low light levels for 6-8 weeks. The plates were then
transferred to the growth rooms alongside plates containing
freshly sown non-vernalized controls. Rosette leaves were
counted when a visible inflorescence of approximately 3 cm
was apparent.

Example VIII
Biochemical Analysis

Experiments were also performed to identify those trans-
formants or knockouts that exhibited modified biochemical
characteristics. Among the biochemicals that were assayed
were insoluble sugars, such as arabinose, fucose, galactose,
mannose, thamnose or xylose or the like; prenyl lipids, such
as lutein, p-carotene, xanthophyll-1, xanthophyll-2, chloro-
phylls A or B, or a-, 8- or y-tocopherol or the like; fatty
acids, such as 16:0 (palmitic acid), 16:1 (palmitoleic acid),
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18:0 (stearic acid), 18:1 (oleic acid), 18:2 (linoleic acid),
20:0, 18:3 (linolenic acid), 20:1 (eicosenoic acid), 20:2, 22:1
(erucic acid) or the like; waxes, such as by altering the levels
of C29, C31, or C33 alkanes; sterols, such as brassicasterol,
campesterol, stigmasterol, sitosterol or stigmastanol or the
like, glucosinolates, protein or oil levels.

Fatty acids were measured using two methods depending
on whether the tissue was from leaves or seeds. For leaves,
lipids were extracted and esterified with hot methanolic
H,SO, and partitioned into hexane from methanolic brine.
For seed fatty acids, seeds were pulverized and extracted in
methanol:heptane:toluene:2,2-dimethoxypropane:H,SO,,
(39:34:20:5:2) for 90 minutes at 80° C. After cooling to
room temperature the upper phase, containing the seed fatty
acid esters, was subjected to GC analysis. Fatty acid esters
from both seed and leaf tissues were analyzed with a
Supelco SP-2330 column.

Glucosinolates were purified from seeds or leaves by first
heating the tissue at 95° C. for 10 minutes. Preheated
ethanol:water (50:50) is and after heating at 95° C. for a
further 10 minutes, the extraction solvent is applied to a
DEAE Sephadex column which had been previously equili-
brated with 0.5 M pyridine acetate. Desulfoglucosinolates
were eluted with 300 pl water and analyzed by reverse phase
HPLC monitoring at 226 nm.

For wax alkanes, samples were extracted using an iden-
tical method as fatty acids and extracts were analyzed on a
HP 5890 GC coupled with a 5973 MSD. Samples were
chromatographically isolated on a J&W DB35 mass spec-
trometer (J&W Scientific).

To measure prenyl lipids levels, seeds or leaves were
pulverized with 1 to 2% pyrogallol as an antioxidant. For
seeds, extracted samples were filtered and a portion removed
for tocopherol and -carotenoid/chlorophyll analysis by
HPLC. The remaining material was saponified for sterol
determination. For leaves, an aliquot was removed and
diluted with methanol and chlorophyll A, chlorophyll B, and
total carotenoids measured by spectrophotometry by deter-
mining optical absorbance at 665.2 nm, 652.5 nm, and 470
nm. An aliquot was removed for tocopherol and carotenoid/
chlorophyll composition by HPLC using a Waters uBonda-
pak C18 column (4.6 mmx150 mm). The remaining metha-
nolic solution was saponified with 10% KOH at 80° C. for
one hour. The samples were cooled and diluted with a
mixture of methanol and water. A solution of 2% methylene
chloride in hexane was mixed in and the samples were
centrifuged. The aqueous methanol phase was again re-
extracted 2% methylene chloride in hexane and, after cen-
trifugation, the two upper phases were combined and evapo-
rated. 2% methylene chloride in hexane was added to the
tubes and the samples were then extracted with one ml of
water. The upper phase was removed, dried, and resus-
pended in 400 pl of 2% methylene chloride in hexane and
analyzed by gas chromatography using a 50 m DB-5 ms
(0.25 mm ID, 0.25 um phase, J&W Scientific).

Insoluble sugar levels were measured by the method
essentially described by Reiter et al., (1999) Plant J. 12:
335-345. This method analyzes the neutral sugar composi-
tion of cell wall polymers found in Arabidopsis leaves.
Soluble sugars were separated from sugar polymers by
extracting leaves with hot 70% ethanol. The remaining
residue containing the insoluble polysaccharides was then
acid hydrolyzed with allose added as an internal standard.
Sugar monomers generated by the hydrolysis were then
reduced to the corresponding alditols by treatment with
NaBH4, then were acetylated to generate the volatile alditol
acetates which were then analyzed by GC-FID. Identity of
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the peaks was determined by comparing the retention times
of known sugars converted to the corresponding alditol
acetates with the retention times of peaks from wild-type
plant extracts. Alditol acetates were analyzed on a Supelco
SP-2330 capillary column (30 mx250 umx0.2 um) using a
temperature program beginning at 180° C. for 2 minutes
followed by an increase to 220° C. in 4 minutes. After
holding at 220° C. for 10 minutes, the oven temperature is
increased to 240° C. in 2 minutes and held at this tempera-
ture for 10 minutes and brought back to room temperature.

To identify plants with alterations in total seed oil or
protein content, 150 mg of seeds from T2 progeny plants
were subjected to analysis by Near Infrared Reflectance
Spectroscopy (NIRS) using a Foss NirSystems Model 6500
with a spinning cup transport system. NIRS is a non-
destructive analytical method used to determine seed oil and
protein composition. Infrared is the region of the electro-
magnetic spectrum located after the visible region in the
direction of longer wavelengths. ‘Near infrared’ owns its
name for being the infrared region near to the visible region
of the electromagnetic spectrum. For practical purposes,
near infrared comprises wavelengths between 800 and 2500
nm. NIRS is applied to organic compounds rich in O—H
bonds (such as moisture, carbohydrates, and fats), C—H
bonds (such as organic compounds and petroleum deriva-
tives), and N—H bonds (such as proteins and amino acids).
The NIRS analytical instruments operate by statistically
correlating NIRS signals at several wavelengths with the
characteristic or property intended to be measured. All
biological substances contain thousands of C—H, O—H,
and N—H bonds. Therefore, the exposure to near infrared
radiation of a biological sample, such as a seed, results in a
complex spectrum which contains qualitative and quantita-
tive information about the physical and chemical composi-
tion of that sample.

The numerical value of a specific analyte in the sample,
such as protein content or oil content, is mediated by a
calibration approach known as chemometrics. Chemomet-
rics applies statistical methods such as multiple linear
regression (MLR), partial least squares (PLS), and principle
component analysis (PCA) to the spectral data and correlates
them with a physical property or other factor, that property
or factor is directly determined rather than the analyte
concentration itself. The method first provides “wet chem-
istry” data of the samples required to develop the calibration.

Calibration for Arabidopsis seed oil composition was
performed using accelerated solvent extraction using 1 g
seed sample size and was validated against certified canola
seed. A similar wet chemistry approach was performed for
seed protein composition calibration.

Data obtained from NIRS analysis was analyzed statisti-
cally using a nearest-neighbor (N—N) analysis. The N—N
analysis allows removal of within-block spatial variability in
a fairly flexible fashion which does not require prior knowl-
edge of the pattern of variability in the chamber. Ideally, all
hybrids are grown under identical experimental conditions
within a block (rep). In reality, even in many block designs,
significant within-block variability exists. Nearest-neighbor
procedures are based on assumption that environmental
effect of a plot is closely related to that of its neighbors.
Nearest-neighbor methods use information from adjacent
plots to adjust for within-block heterogeneity and so provide
more precise estimates of treatment means and differences.
If there is within-plot heterogeneity on a spatial scale that is
larger than a single plot and smaller than the entire block,
then yields from adjacent plots will be positively correlated.
Information from neighboring plots can be used to reduce or
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remove the unwanted effect of the spatial heterogeneity, and
hence improve the estimate of the treatment effect. Data
from neighboring plots can also be used to reduce the
influence of competition between adjacent plots. The
Papadakis N—N analysis can be used with designs to
remove within-block variability that would not be removed
with the standard split plot analysis (Papadakis, 1973, Inst.
d’Amelior. Plantes Thessaloniki (Greece) Bull. Scientif.,
No. 23; Papadakis, 1984, Proc. Acad. Athens, 59, 326-342).

Example IX
Plate-Based Physiology Experimental Methods

Plate Assays.

Twelve different plate-based physiological assays (shown
below), representing a variety of drought-stress related con-
ditions, are used as a pre-screen to identify top performing
lines from each project (i.e. lines from transformation with
a particular construct), that will be tested in subsequent soil
based assays. Typically, ten lines are subjected to plate
assays, from which the best three lines are selected for
subsequent soil based assays. However, in projects where
significant stress tolerance is not obtained in plate based
assays, lines are not submitted for soil assays.

In addition, some projects are subjected to nutrient limi-
tation studies. A nutrient limitation assay is intended to find
genes that allow more plant growth upon deprivation of
nitrogen. Nitrogen is a major nutrient affecting plant growth
and development that ultimately impacts yield and stress
tolerance. These assays monitor primarily root but also
rosette growth on nitrogen deficient media. In all higher
plants, inorganic nitrogen is first assimilated into glutamate,
glutamine, aspartate and asparagine, the four amino acids
used to transport assimilated nitrogen from sources (e.g.
leaves) to sinks (e.g. developing seeds). This process is
regulated by light, as well as by C/N metabolic status of the
plant. We use a C/N sensing assay to look for alterations in
the mechanisms plants use to sense internal levels of carbon
and nitrogen metabolites which could activate signal trans-
duction cascades that regulate the transcription of N-assimi-
latory genes. To determine whether these mechanisms are
altered, we exploit the observation that wild-type plants
grown on media containing high levels of sucrose (3%)
without a nitrogen source accumulate high levels of antho-
cyanins. This sucrose induced anthocyanin accumulation
can be relieved by the addition of either inorganic or organic
nitrogen. We use glutamine as a nitrogen source since it also
serves as a compound used to transport N in plants.

Germination Assays.

NaCl (150 mM), mannitol (300 mM), sucrose (9.4%),
ABA (0.3 pM), Heat (32° C.), Cold (8° C.), -N is basal
media minus nitrogen plus 3% sucrose and —N/+Gln is basal
media minus nitrogen plus 3% sucrose and 1 mM glutamine.

Growth Assays.

Severe dehydration (drought), heat (32° C. for 5 days
followed by recovery at 22° C.), chilling (8° C.), root
development (visual assessment of lateral and primary roots,
root hairs and overall growth). For the nitrogen limitation
assay, all components of MS medium remain constant
except N is reduced to 20 mg/L. of NH,NO;. Note that 80%
MS has 1.32 g/ NH,NO; and 1.52 g/T. KNO,.

Unless otherwise stated, all experiments are performed
with the Arabidopsis thaliana ecotype Columbia (col-0).
Assays are usually performed on non-selected segregating
T2 populations (in order to avoid the extra stress of selec-
tion). Control plants for assays on lines containing direct
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promoter-fusion constructs are Col-0 plants transformed an
empty transformation vector (pMENG6S5). Controls for
2-component lines (generated by supertransformation) are
the background promoter-driver lines (i.e. promoter::LexA-
GALA4TA lines), into which the supertransformations were
initially performed.

All assays are performed in tissue culture. Growing the
plants under controlled temperature and humidity on sterile
medium produces uniform plant material that has not been
exposed to additional stresses (such as water stress) which
could cause variability in the results obtained. All assays
were designed to detect plants that are more tolerant or less
tolerant to the particular stress condition and were developed
with reference to the following publications: Jang et al.
(1997) Plant Cell 9: 5-19; Smeekens (1998) Curr. Opin.
Plant Biol. 1: 230-234; Liu and Zhu (1997) Proc. Natl. Acad.
Sci. U.S.A. 94: 14960-14964; Saleki et al. (1993) Plant
Physiol. 101: 839-845; Wu et al. (1996) Plant Cell 8:
617-627; Zhu et al. (1998) Plant Cell 10: 1181-1191; Alia et
al. (1998) Plant J. 16: 155-161; Xin and Browse, (1998)
Proc. Natl. Acad. Sci. U.S.A. 95: 7799-7804; Leon-Kloost-
erziel et al. (1996) Plant Physiol. 110: 233-240. Where
possible, assay conditions were originally tested in a blind
experiment with controls that had phenotypes related to the
condition tested.

Procedures

Prior to plating, seed for all experiments are surface
sterilized in the following manner: (1) 5 minute incubation
with mixing in 70% ethanol, (2) 20 minute incubation with
mixing in 30% bleach, 0.01% triton-X 100, (3) 5x rinses
with sterile water, (4) Seeds are re-suspended in 0.1% sterile
agarose and stratified at 4° C. for 3-4 days.

All germination assays follow modifications of the same
basic protocol. Sterile seeds are sown on the conditional
media that has a basal composition of 80% MS+Vitamins.
Plates are incubated at 22° C. under 24-hour light (120-130
uE m=2s71) in a growth chamber. Evaluation of germination
and seedling vigor is done 5 days after planting. For assess-
ment of root development, seedlings germinated on 80%
MS+Vitamins+1% sucrose are transferred to square plates at
7 days. Evaluation is done 5 days after transfer following
growth in a vertical position. Qualitative differences are
recorded including lateral and primary root length, root hair
number and length, and overall growth.

For chilling (8° C.) and heat sensitivity (32° C.) growth
assays, seeds are germinated and grown for 7 days on
MS+Vitamins+1% sucrose at 22° C. and then are transferred
to chilling or heat stress conditions. Heat stress is applied for
5 days, after which the plants are transferred back to 22° C.
for recovery and evaluated after a further 5 days. Plants are
subjected to chilling conditions (8° C.) and evaluated at 10
days and 17 days.

For severe dehydration (drought) assays, seedlings are
grown for 14 days on MS+Vitamins+1% Sucrose at 22° C.
Plates are opened in the sterile hood for 3 hr for hardening
and then seedlings are removed from the media and let dry
for 2 h in the hood. After this time they are transferred back
to plates and incubated at 22° C. for recovery. Plants are
evaluated after 5 days.

Experiments were also performed to identify those trans-
formants or knockouts that exhibited modified sugar-sens-
ing. For such studies, seeds from transformants were ger-
minated on media containing 5% glucose or 9.4% sucrose
which normally partially restrict hypocotyl elongation.
Plants with altered sugar sensing may have either longer or
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shorter hypocotyls than normal plants when grown on this
media. Additionally, other plant traits may be varied such as
root mass.

Example X
Soil Drought Experimental Methods

The soil drought assay (performed in clay pots) is based
on that described by Haake et al. (2002). In the current
procedure, seedlings were first germinated on selection
plates containing either kanamycin or sulfonamide. Seeds
were sterilized by a 2 minute ethanol treatment followed by
20 minutes in 30% bleach/0.01% Tween and five washes in
distilled water. Seeds are sown to MS agar in 0.1% agarose
and stratified for 3 days at 4° C., before transfer to growth
cabinets with a temperature of 22° C. After 7 days of growth
on selection plates, seedlings are transplanted to 3.5 inch
diameter clay pots containing 80 g of a 50:50 mix of
vermiculite:perlite topped with 80 g of ProMix. Typically,
each pot contains 14 seedlings, and plants of the transgenic
line being tested are in separate pots to the wild-type
controls. Pots containing the transgenic line versus control
pots were interspersed in the growth room, maintained under
24-hour light conditions (18-23° C., and 90-100 uE m~>s™')
and watered for a period of 14 days. Water was then
withheld and pots were placed on absorbent diaper paper for
a period of 8-10 days to apply a drought treatment. After this
period, a visual qualitative “drought score” from 0-6 is
assigned to record the extent of visible drought stress
symptoms. A score of “6” corresponds to no visible symp-
toms whereas a score of “0” corresponds to extreme wilting
and the leaves having a “crispy” texture. At the end of the
drought period, pots are re-watered and scored after 5-6
days; the number of surviving plants in each pot is counted,
and the proportion of the total plants in the pot that survived
is calculated.

Split-Pot Method.

A variation of the above method was sometimes used,
whereby plants for a given transgenic line were compared to
wild-type controls in the same pot. For those studies, 7
wild-type seedlings were transplanted into one half of a 3.5
inch pot and 7 seedlings of the line being tested were
transplanted into the other half of the pot.

Analysis of Results.

In a given experiment, we typically compare 6 or more
pots of a transgenic line with 6 or more pots of the
appropriate control. (In the split pot method, 12 or more pots
are used.) The mean drought score and mean proportion of
plants surviving (survival rate) are calculated for both the
transgenic line and the wild-type pots. In each case a
p-value* is calculated, which indicates the significance of
the difference between the two mean values. The results for
each transgenic line across each planting for a particular
project are then presented in a results table. Results where
the lines show a significantly better or worse performance
versus the control are highlighted.

Calculation of P-Values.

For the assays where control and experimental plants are
in separate pots, survival is analyzed with a logistic regres-
sion to account for the fact that the random variable is a
proportion between 0 and 1. The reported p-value is the
significance of the experimental proportion contrasted to the
control, based upon regressing the logit-transformed data.

Drought score, being an ordered factor with no real
numeric meaning, is analyzed with a non-parametric test
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between the experimental and control groups. The p-value is
calculated with a Mann-Whitney rank-sum test.

For the split-pot assays, matched control and experimen-
tal measurements are available for both variables. In lieu of
a direct transformed regression technique for this data, the
logit-transformed proportions are analyzed by parametric
methods. The p-value is derived from a paired-t-test on the
transformed data. For the paired score data, the p-value from
a Wilcoxon test is reported.

Measurement of Photosynthesis.

Photosynthesis was measured using a LICOR LI-6400.
The LI-6400 uses infrared gas analyzers to measure carbon
dioxide to generate a photosynthesis measurement. It is
based upon the difference of the CO, reference (the amount
put into the chamber) and the CO, sample (the amount that
leaves the chamber). Since photosynthesis is the process of
converting CO, to carbohydrates, we expect to see a
decrease in the amount of CO, sample. From this difference,
a photosynthesis rate can be generated. In some cases,
respiration may occur and an increase in CO, detected. To
perform measurements, the LI-6400 is set-up and calibrated
as per LI-6400 standard directions. Photosynthesis is mea-
sured in the youngest most fully expanded leaf at 300 and
1000 ppm CO, using a metal halide light source. This light
source provides about 700 uE m~>s™".

Fluorescence was measured in dark and light adapted
leaves using either a LI-6400 (LICOR) with a leaf chamber
fluorometer attachment or an OS-1 (Opti-Sciences) as
described in the manufacturer’s literature. When the
LI-6400 was used, all manipulations were performed under
a dark shade cloth. Plants were dark adapted by placing in
a box under this shade cloth until used. The OS-30 utilized
small clips to create dark adapted leaves.

Chlorophyll/Carotenoid Determination.

For some experiments, chlorophyll was estimated in
methanolic extracts using the method of Porra et al. (1989)
Biochim. et Biophys. Acta 975: 384-394. Carotenoids were
estimated in the same extract at 450 nm using an A(1%) of
2500. We currently are measuring chlorophyll using a
SPAD-502 (Minolata). When the SPAD-502 is being used to
measure chlorophyll, both carotenoid and chlorophyll con-
tent and amount can also be determined via HPL.C. Pigments
are extracted from leave tissue by homogenizing leaves in
acetone:ethyl acetate (3:2). Water was added, the mixture
centrifuged, and the upper phase removed for HPLC analy-
sis. Samples are analyzed using a Zorbax C18 (non-end-
capped) column (250x4.6) with a gradient of acetonitrile:
water (85:15) to acetonitrile:methanol (85:15) in 12.5
minutes. After holding at these conditions for two minutes,
solvent conditions were changed to methanol:ethyl acetate
(68:32) in two minutes. Carotenoids and chlorophylls are
quantified using peak areas and response factors calculated
using lutein and p-carotene as standards.

Example XI
Experimental Results

G2340: (SEQ ID NOs. 17 and 18)

(2340 was analyzed using transgenic plants in which the
gene was expressed under the control of the 35S promoter.
Overexpression of G2340 produced a spectrum of deleteri-
ous effects on Arabidopsis growth and development. 35S::
(2340 primary transformants were generally smaller than
controls, and at early stages some displayed leaves that were
held in a vertical orientation. The most severely affected
lines died at early stages. Others survived, but displayed



US 9,447,425 B2

111

necrosis of the blades in later rosette leaves and cauline
leaves. Inflorescence development was also highly abnor-
mal; stems were typically shorter than wild type, often
‘kinked’ at nodes, and the tissue had a rather fleshy succulent
appearance. Flower buds were frequently poorly formed,
failed to open and withered away without siliques develop-
ing. Additionally, secondary shoot growth frequently failed
the tips of such structures sometimes senesced. Due to these
abnormalities, many of the primary transformants were
completely infertile. Three T1 lines (#1,5,20) with a rela-
tively weak phenotype, which did set some seed, were
selected for further study. Plants from the T2-20 population
displayed a strong phenotype, and died early in develop-
ment. The other two T2 populations were slightly small, but
the effects were much weaker than those seen in the parental
plants, suggesting that activity of the transgene might have
become reduced between the generations. It should be noted
that G2340 and G671 (SEQ ID NO: 19) are part of the same
clade and that they had very similar morphological pheno-
types and a similar expression pattern. These two genes may
have overlapping or redundant phenotypes in the plant.
Small, pale seedlings with strap-like leaves that held a
vertical orientation were found in the mixed line populations
of 35S::G2340 transgenic seedlings when grown under
sterile conditions, similar to those observed in soil grown
plants in the T1 generation. The necrotic lesions observed on
the T1 plants grown in soil were not observed on the plants
grown in culture leaving uncertainty as to whether the
necrotic lesion phenotype is a classic lesion mimic pheno-
type that would suggest that G2340 is involved in cell death
responses or if the G2340 overexpressor plants are simply
hyper-sensitive to stresses. One class of lesion mimic forms
progressive lesions following an inductive stress. Lesion
formation may be induced in G2340 overexpressing plants
grown in culture. In addition to the morphological changes,
overexpression of G2340 resulted in an extreme alteration in
seed glucosinolate profile. This phenotype was observed in
one line, line 1, in seed from two independent plantings.
According to RT-PCR analysis, G2340 was expressed pri-
marily in roots and was slightly induced in leaf tissue in
response to auxin and heat treatments. G2340 can be used to
engineer plants with an inducible cell death response. A gene
that regulates cell death in plants can be used to induce a
pathogen protective hyper-response (HR) in plants without
the potentially detrimental consequences of a constitutive
systemic acquired resistance (SAR). Other potential utilities
include the creation of novel abscission zones or inducing
death in reproductive organs to prevent the spread of pollen,
transgenic or otherwise. In the case of necrotrophic patho-
gens that rely on dead plant tissue as a source of nutrients,
prevention of cell death could confer tolerance to these
diseases. Overexpression of (G2340 in Arabidopsis also
resulted in an extreme alteration in seed glucosinolate pro-
file. Therefore, the gene can be used to alter glucosinolate
composition in plants. Increases or decreases in specific
glucosinolates or total glucosinolate content are desirable
depending upon the particular application. For example: (1)
Glucosinolates are undesirable components of the oilseeds
used in animal feed, since they produce toxic effects. Low-
glucosinolate varieties of canola have been developed to
combat this problem. (2) Some glucosinolates have anti-
cancer activity; thus, increasing the levels or composition of
these compounds might be of interest from a nutraceutical
standpoint. (3) Glucosinolates form part of a plants natural
defense against insects. Modification of glucosinolate com-
position or quantity can therefore afford increased protection
from predators. Furthermore, in edible crops, tissue specific
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promoters can be used to ensure that these compounds
accumulate specifically in tissues, such as the epidermis,
which are not taken for consumption.

G2583: (SEQ ID NOs. 143 and 144)

(G2583 was studied using transgenic plants in which the
gene was expressed under the control of the 35S promoter.
Most notably, 35S::GG2583 plants exhibited extremely glossy
leaves. At early stages, 35S::G2583 seedlings appeared
normal, but by about two weeks after sowing, the plants
exhibited very striking shiny leaves, which were apparent
until very late in development. In addition to this phenotype,
it should be noted that many lines displayed a variety of
other effects such as a reduction in overall size, narrow
curled leaves, or various non-specific floral abnormalities,
which reduced fertility. These effects on leaf appearance
were observed in 18/20 primary transformants, and in all the
plants from 4/6 of the T2 lines (#2, 4, 9 and 15) examined.
The glossy nature of the leaves from 35S::G2583 plants can
be a consequence of changes in epicuticular wax content or
composition. G2583 belongs to a small clade within the
large AP2/EREBP Arabidopsis family that also contains
G975 (SEQ ID NO: 89), G1387 (SEQ ID NO: 145), and
G977 (SEQ ID NO: 147). Overexpression of G975 (SEQ ID
NO: 89) caused a substantial increase in leaf wax compo-
nents, as well as morphological phenotypes resembling
those observed in 358::G2583 plants. G2583 was ubiqui-
tously expressed (at higher levels in root, flower, embryo,
and silique tissues). G2583 can be used to modify plant
appearance (shiny leaves). In addition, it can be used to
manipulate wax composition, amount, or distribution, which
in turn can modify plant tolerance to drought and/or low
humidity or resistance to insects.

G362: (SEQ ID NOs. 61 and 62)

(G362 was analyzed using transgenic plants in which
(G362 was expressed under the control of the 35S promoter.
358::G362 had a number of developmental effects with the
most prominent result being an increase in trichome number
as well as the ectopic formation of trichomes. Overexpres-
sion of G362 also increased anthocyanin levels in various
tissues at different stages of growth. Seedlings sometimes
showed high levels of pigment in the first true leaves. Late
flowering lines also became darkly pigmented. Seeds from
a number of lines were observed to develop patches of dark
purple pigmentation. Inflorescences from 35S::G362 plants
were thin, and flowers sometimes displayed poorly devel-
oped organs. The seed yield from many lines was somewhat
poor. As determined by RT-PCR, G362 is expressed in roots,
and is expressed at significantly lower levels in siliques,
seedlings and shoots. No expression of G362 was detected
in the other tissues tested. G362 expression was induced in
rosette leaves by heat stress. G362 can be used to alter
trichome number and distribution in plants. Trichome glands
on the surface of many higher plants produce and secrete
exudates which give protection from the elements and pests
such as insects, microbes and herbivores. These exudates
may physically immobilize insects and spores, may be
insecticidal or ant-microbial or they may allergens or irri-
tants to protect against herbivores. Trichomes have also been
suggested to decrease transpiration by decreasing leaf sur-
face air flow, and by exuding chemicals that protect the leaf
from the sun. Another use for G362 is to increase the density
of cotton fibers in cotton bolls. Cotton fibers are modified
unicellular trichomes that are produced from the ovule
epidermis. However, typically only 30% of the epidermal
cells take on a trichome fate (Basra and Malik (1984) Inz.
Rev. Cytol. 89: 65-113). Thus, cotton yields can be increased
by inducing a greater proportion of the ovule epidermal cells
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to become fibers. Depending on the plant species, varying
amounts of diverse secondary biochemicals (often lipophilic
terpenes) are produced and exuded or volatilized by
trichomes. These exotic secondary biochemicals, which are
relatively easy to extract because they are on the surface of
the leaf, have been widely used in such products as flavors
and aromas, drugs, pesticides and cosmetics. One class of
secondary metabolites, the diterpenes, can effect several
biological systems such as tumor progression, prostaglandin
synthesis and tissue inflammation. In addition, diterpenes
can act as insect pheromones, termite allomones, and can
exhibit neurotoxic, cytotoxic and antimitotic activities. As a
result of this functional diversity, diterpenes have been the
target of research several pharmaceutical ventures. In most
cases where the metabolic pathways are impossible to
engineer, increasing trichome density or size on leaves may
be the only way to increase plant productivity. Thus, the use
of' G362 and its homologs to increase trichome density, size
or type can have profound utilities in molecular farming
practices (for example, the use of trichomes as a manufac-
turing system for complex secondary metabolites), and in
producing insect resistant and herbivore resistant plants. In
addition, G362 can be used to alter a plant’s time to
flowering.

G2103: (SEQ ID NOs. 63 and 64)

The ORF boundary of G2105 was determined and G2105
was analyzed using transgenic plants in which G2105 was
expressed under the control of the 35S promoter. Two of four
T2 lines examined appeared dark green and were smaller
than wild type at all stages of development. Additionally, the
adaxial leaf surfaces from these plants had a somewhat
‘lumpy’ appearance caused by trichomes being raised-up on
small mounds of epidermal cells. Two lines of G2105
overexpressing plants had larger seed. G2105 expression
was root specific and induced in leaves by auxin, abscisic
acid, high temperature, salt and osmotic stress treatments.
On the basis of the analyses, G2105 can be used to manipu-
late some aspect of plant growth or development, particu-
larly in trichome development. In addition, G2105 can be
used to modify seed size and/or morphology, which can have
an impact on yield. The promoter of G2105 can have some
utility as a root specific promoter.

G47 (SEQ ID NOs. 65 and 66)

G47 was studied using transgenic plants in which the gene
was expressed under the control of the 35S promoter.
Overexpression of G47 resulted in a variety of morphologi-
cal and physiological phenotypic alterations. 35S::G47
plants showed enhanced tolerance to osmotic stress. In a root
growth assay on PEG-containing media, G47 overexpress-
ing transgenic seedlings were larger and had more root
growth compared with wild-type controls. G47 expression
levels may be altered by environmental conditions, in par-
ticular reduced by salt and osmotic stresses. In addition to
the phenotype observed in the osmotic stress assay, germi-
nation efficiency for the seeds from G47 overexpressor
plants was low. Overexpression of G47 also produced a
substantial delay in flowering time and caused a marked
change in shoot architecture. 35S::G47 transformants were
small at early stages and switched to flowering more than a
week later than wild-type controls (continuous light condi-
tions). The inflorescences from these plants appeared thick
and fleshy, had reduced apical dominance, and exhibited
reduced internode elongation leading to a short compact
stature. The branching pattern of the stems also appeared
abnormal, with the primary shoot becoming ‘kinked’ at each
coflorescence node. Additionally, the plants showed slightly
reduced fertility and formed rather small siliques that were
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borne on short pedicels and held vertically, close against the
stem. Additional alterations were detected in the inflores-
cence stems of 35S::G47 plants. Stem sections from T2-21
and T2-24 plants were of wider diameter, and had large
irregular vascular bundles containing a much greater number
of xylem vessels than wild type. Furthermore, some of the
xylem vessels within the bundles appeared narrow and were
possibly more lignified than were those of controls. G47 was
expressed at higher levels in rosette leaves, and transcripts
were detected in other tissues (flower, embryo, silique, and
germinating seedling). G47 can be used to manipulate
flowering time, to modify plant architecture and stem struc-
ture (including development of vascular tissues and lignin
content) and to improve plant performance under osmotic
stress. The use of G47 or of G47 orthologs from tree species
can be used to modulate lignin content of a plant. This
allows the quality of wood used for furniture or construction
to be improved. Lignin is energy rich; increasing lignin
composition could therefore be valuable in raising the
energy content of wood used for fuel. Conversely, the pulp
and paper industries seek wood with a reduced lignin
content. Currently, lignin must be removed in a costly
process that involves the use of many polluting chemicals.
Consequently, lignin is a serious barrier to efficient pulp and
paper production. In addition to forest biotechnology appli-
cations, changing lignin content might increase the palat-
ability of various fruits and vegetables. A wide variety of
applications exist for systems that either lengthen or shorten
the time to flowering.

Closely-related homologs of G47, determined by BLAST,
alignment and phylogeneitc analysis, include G2133 (SEQ
ID NO: 152), G3643 (SEQ ID NO: 158), G3644 (SEQ ID
NO: 156), and G3649 (SEQ ID NO: 154). Each of these
sequences has conferred a transcriptional regulatory activity
of G47 in that when any of these sequences were overex-
pressed in plants, they have each produced some lines that
were larger, later in their development and flowering, and
more tolerant to water-deprivation, cold or salt, similar to
plants overexpressing G47 (Table 4), as compared to con-
trols.

G975: (SEQ ID NOs. 89 and 90)

G975 was identified as a new member of the AP2/EREBP
family (EREBP subfamily) of transcription factors. G975
was expressed in flowers and, at lower levels, in shoots,
leaves, and siliques. GC-FID and GC-MS analyses of leaves
from (G975 overexpressing plants showed that the levels of
C29, C31, and C33 alkanes were substantially increased (up
to 10-fold) compared with control plants. A number of
additional compounds of similar molecular weight, presum-
ably also wax components, also accumulated to significantly
higher levels in G975 overexpressing plants. C29 alkanes
constituted close to 50% of the wax content in wild-type
plants (Millar et al. (1998) Plant Cell 11: 1889-1902),
suggesting that a major increase in total wax content
occurred in the G975 transgenic plants. However, the trans-
genic plants had an almost normal phenotype (although
small morphological differences are detected in leaf appear-
ance), indicating that overexpression of G975 was not
deleterious to the plant. Overexpression of G975 did not
cause the dramatic alterations in plant morphology that had
been reported for Arabidopsis plants in which the FATTY
ACID ELONGATION1 gene was overexpressed (Millar et
al. (1998) supra). G975 may regulate the expression of some
of the genes involved in wax metabolism. One Arabidopsis
AP2 sequence (G1387; SEQ ID NO: 145) that is signifi-
cantly more closely related to G975 than the rest of the
members of the AP2/EREBP family is predicted to have a
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function and a use related to that of G975. G975 can be used
to manipulate wax composition, amount, or distribution,
which in turn can modify plant tolerance to drought and/or
low humidity or resistance to insects, as well as plant
appearance (shiny leaves). G975 can also be used to spe-
cifically alter wax composition, amount, or distribution in
those plants and crops from which wax is a valuable product.

A non-Arabidopsis gene that is related to G975 is [.46408
BNAF1258 Mustard flower buds Brassica rapa cDNA clone
F1258. The similarity between G975 and the Brassica rapa
gene represented by EST 146408 extends beyond the con-
served AP2 domain that characterizes the AP2/EREBP fam-
ily. This Brassica rapa gene appeared to be more closely
related to G975 than Arabidopsis G1387, indicating that
EST 146408 may represent a true G975 ortholog. The
similarity between G975 and Arabidopsis G1387 (SEQ 1D
NO: 145) also extends beyond the conserved AP2 domain.

G2583 (SEQ ID NO: 143 and 144), a closely-related
homolog of G975 determined by BLAST, alignment and
phylogenetic analysis, has been shown to confer a transcrip-
tional regulatory activity of G975 in that when the polypep-
tide sequences were overexpressed in plants and produced
some lines that were later in their development and flower-
ing, and produced shiny leaves, indicating more wax pro-
duction, similar to plants overexpressing G975 (Table 4), as
compared to controls. Other closely related sequences
include G1387 (SEQ ID NO: 145 and 146), and G4294
(SEQ ID NO: 149 and 150). Although detailed analyses with
plants overexpressing these sequence have not yet been
performed, plants overexpressing these related sequences
are likely to confer some similar transcriptional regulatory
activity and traits as G975.

G214: (SEQ ID NOs. 33 and 34)

G214 overexpressing lines were late bolting, showed
larger biomass (increased leaf number and size), and were
darker green in vegetative and reproductive tissues due to a
higher chlorophyll content in the later stages of develop-
ment. In these later stages, the overexpressor plants also had
higher insoluble sugar, leaf fatty acid, and carotenoid con-
tent per unit area. Line 11 also showed a significant, repeat-
able increase in lutein levels in seeds. Micro-array data was
consistent with the morphological and biochemical data in
that the genes that were highly induced included chloroplast
localized enzymes, and light regulated genes such as
Rubisco, carbonic anhydrase, and the photosystem 1 reac-
tion center subunit precursor. A chlorophyll biosynthetic
enzyme was also highly induced, consistent with the dark
green color of the adult leaves and perhaps a higher photo-
synthetic rate. A measurement of leaf fatty acid in the older
overexpressors suggested that the overall levels were higher
than wild-type levels (except for the percent composition of
16:3 in line 11). Percent composition of 16:1 and 16:3 (fatty
acids found primarily in plastids) is similar to wild-type
arguing against an increase in chloroplast number as an
explanation for increase chlorophyll content in the leaves.
(G214 overexpressing lines 3, 11, and 15 were sensitive to
germination on high glucose showing less cotyledon expan-
sion and hypocotyl elongation suggesting the late bolting
and dark green phenotype could be tied into carbon sensing
which has been shown to regulate phytochrome A signaling.
Sugars are key regulatory molecules that affect diverse
processes in higher plants including germination, growth,
flowering, senescence, sugar metabolism and photosynthe-
sis. Glucose-specific hexose-sensing has also been described
in plants and implicated in cell division and the repression
of famine genes (photosynthetic or glyoxylate cycles).
Potential utilities of G214 include increasing chlorophyll
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content allowing more growth and productivity in condi-
tions of low light. With a potentially higher photosynthetic
rate, fruits can have higher sugar content. Increased carote-
noid content can be used as a nutraceutical to produce foods
with greater antioxidant capability. Also G214 can be used
to manipulate seed composition which is very important for
the nutritional value and production of various food prod-
ucts.

(G214 is homologous to a tomato (Cornell Lycopersicon
esculentum) EST (cLER12A11) generated from a
Pseudomonas resistant line.

G974: (SEQ ID NOs. 51 and 52)

The complete sequence of G974 was obtained and G974
was studied using transgenic plants in which G974 was
expressed under the control of the 35S promoter. Constitu-
tive expression of G974 produced deleterious effects: the
majority of 35S::G974 primary transformants showed a
reduction in overall size and developed rather slowly com-
pared to wild type controls. These phenotypic alterations
were not observed in the T2 generation, perhaps indicating
silencing of the transgene. The T2 plants were wild-type in
the physiological and biochemical analyses performed.
(G974 was ubiquitously expressed. 35S::G974 had altered
seed oil content

Several AP2 proteins from a variety of species (Atriplex
hortensis, Lycopersicon esculentum, Glycine max, Populus
balsamifera, Medicago truncatula) exhibited some
sequence similarity with G974 outside of the signature AP2
domain sequence, and bear nearly identical AP2 domains.
These proteins may be related.

(G2343: (SEQ ID NOs. 53 and 54)

The complete sequence of G2343 was determined and
(2343 was analyzed using transgenic plants in which
(G2343 was expressed under the control of the 35S promoter.
The phenotype of these transgenic plants was wild-type in
all assays performed. As determined by RT-PCR, G2343 is
expressed in shoots, embryos and siliques. (G2343 expres-
sion is induced in rosette leaves by auxin, heat stress, and
infection by Fusarium oxysporum. 35S5::G2343 had an
altered seed oil content

(G2343 is a related tomato gene LETHM1 (CAA64615).
Similarity between G2343 and LETHMI1 extends beyond
the signature motif of the family to a level that would
suggest the genes are orthologs.

G2123: (SEQ ID NOs. 67 and 68)

(2123 was analyzed using transgenic plants in which
(G2123 was expressed under the control of the 35S promoter.
The phenotype of these transgenic plants was wild-type in
all assays performed. G2123 was expressed primarily in
developing seeds and silique tissue in wild-type plants.
(2123 corresponds to a predicted putative 14-3-3 protein in
annotated BAC clone T11111 (AC012680), from chromo-
some 1 of Arabidopsis.

G1777: (SEQ ID NOs. 55 and 56)

G1777 (SEQ ID NO: 55) was analyzed using transgenic
plants in which G1777 was expressed under the control of
the 35S promoter. Overexpression of G1777 in Arabidopsis
resulted in an increase in seed oil content and a decrease in
seed protein content in T2 lines 1 and 13. The change in seed
oil in line 1 was just below the significance cutoff, but the
seed protein change was significant. G1777 was expressed
in all examined tissue of Arabidopsis. G1777 was induced
by auxin and ABA treatment, and by heat stress. G1777 has
utility in manipulating seed oil and protein content.

G2520: (SEQ ID NOs. 37 and 38)

(2520 was analyzed using transgenic plants in which
(2520 was expressed under the control of the 35S promoter.
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At early stages, 35S::G2520 transformants displayed abnor-
mal curled cotyledons, long hypocotyls, and rather short
roots. During the vegetative phase, these plants formed
somewhat small flat leaves. Following the switch to repro-
ductive growth, 358::G2520 inflorescences were typically
very spindly, slightly pale colored, and stems often split
open at late stages. Flowers were frequently small with
narrow organs and showed poor pollen production. As a
result, the seed yield from 35S::G2520 plants was low
compared to wild-type controls. These effects were observed
in the majority of primary transformants, and to varying
extents, in all three of the T2 populations. Overexpression of
(2520 also resulted in an increase in the leaf glucosinolate
M39478 in lines 11 and 14. In addition, these lines showed
an increase in seed d-tocopherol and a decrease in seed
y-tocopherol. No altered phenotypes were detected in any of
the physiological assays. G2520 was expressed throughout
the plant and was induced by ABA, heat, salt, drought and
osmotic stress. G2520 is useful for manipulating plant
development and altering leaf glucosinolate composition.
Increases or decreases in specific glucosinolates or total
glucosinolate content are be desirable depending upon the
particular application. For example: (1) Glucosinolates are
undesirable components of the oilseeds used in animal feed,
since they produce toxic effects. Low-glucosinolate varieties
of canola have been developed to combat this problem. (2)
Some glucosinolates have anti-cancer activity; thus, increas-
ing the levels or composition of these compounds might be
of interest from a nutraceutical standpoint. (3) Glucosino-
lates form part of a plant’s natural defense against insects.
Modification of glucosinolate composition or quantity can
therefore afford increased protection from predators. Fur-
thermore, in edible crops, tissue specific promoters can be
used to ensure that these compounds accumulate specifically
in tissues, such as the epidermis, which are not taken for
consumption. G2520 can also be used to modify seed
tocopherol composition. Tocopherols have anti-oxidant and
vitamin E activity.

Example XII
Identification of Homologous Sequences

Homologous sequences from Arabidopsis and plant spe-
cies other than Arabidopsis were identified using database
sequence search tools, such as the Basic Local Alignment
Search Tool (BLAST) (Altschul et al. (1990) J. Mol. Biol.
215: 403-410; and Altschul et al. (1997) Nucl. Acid Res. 25:
3389-3402). The tblastx sequence analysis programs were
employed using the BLOSUM-62 scoring matrix (Henikoff
and Henikoff (1992) Proc. Natl. Acad. Sci. USA 89: 10915-
10919).

The polynucleotide and polypeptide sequences derived
from monocots (e.g., the rice or maize sequences) may be
used to transform both monocot and dicot plants, and those
derived from dicots (e.g., the Arabidopsis and soy
sequences) may be used to transform either group, although
it is expected that some of these sequences will function best
if the gene is transformed into a plant from the same class
as that from which the sequence is derived.

Example XIII

Transformation of Dicots to Produce Improved
Biochemical and Other Traits

Homologous sequences from Arabidopsis and plant spe-
cies other than Arabidopsis were identified using database
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sequence search tools, such as the Basic Local Alignment
Search Tool (BLAST) (Altschul et al. (1990) supra; and
Altschul et al. (1997) supra). The thlastx sequence analysis
programs were employed using the BLOSUM-62 scoring
matrix (Henikoff and Henikoff (1992) supra).

Crop species including tomato and soybean plants that
overexpress any of a considerable number of the transcrip-
tion factor polypeptides of the invention have been shown
experimentally to produce plants with increased drought
tolerance and/or biomass in field trials. For example, tomato
plants overexpressing the G2153 polypeptide have been
found to be larger than wild-type control tomato plants. For
example, soy plants overexpressing a number of G481,
G682, G867 and G1073 orthologs have been shown to be
more drought tolerant than control plants. These observa-
tions indicate that these genes, when overexpressed, will
result in larger yields than non-transformed plants in both
stressed and non-stressed conditions.

Thus, transcription factor polynucleotide sequences listed
in the Sequence Listing recombined into, for example, one
of the expression vectors of the invention, or another suit-
able expression vector, may be transformed into a plant for
the purpose of modifying plant traits for the purpose of
improving yield and/or quality. The expression vector may
contain a constitutive, tissue-specific or inducible promoter
operably linked to the transcription factor polynucleotide.
The cloning vector may be introduced into a variety of plants
by means well known in the art such as, for example, direct
DNA transfer or Agrobacterium tumefaciens-mediated
transformation. It is now routine to produce transgenic
plants using most dicot plants (see Weissbach and Weiss-
bach, (1989) supra; Gelvin et al. (1990) supra; Herrera-
Estrella et al. (1983) supra; Bevan (1984) supra; and Klee
(1985) supra). Methods for analysis of traits are routine in
the art and examples are disclosed above.

Numerous protocols for the transformation of tomato and
soy plants have been previously described, and are well
known in the art. Gruber et al. (1993) in Methods in Plant
Molecular Biology and Biotechnology, p. 89-119, and Glick
and Thompson (1993) Methods in Plant Molecular Biology
and Biotechnology, eds., CRC Press, Inc., Boca Raton,
describe several expression vectors and culture methods that
may be used for cell or tissue transformation and subsequent
regeneration. For soybean transformation, methods are
described by Miki et al. (1993) in Methods in Plant Molecu-
lar Biology and Biotechnology, p. 67-88, Glick and Thomp-
son, eds., CRC Press, Inc., Boca Raton; and U.S. Pat. No.
5,563,055, (Townsend and Thomas), issued Oct. 8, 1996.

There are a substantial number of alternatives to Agro-
bacterium-mediated transformation protocols, other meth-
ods for the purpose of transferring exogenous genes into
soybeans or tomatoes. One such method is microprojectile-
mediated transformation, in which DNA on the surface of
microprojectile particles is driven into plant tissues with a
biolistic device (see, for example, Sanford et al. (1987) Part.
Sci. Technol. 5: 27-37; Christou et al. (1992) Plant. J. 2:
275-281; Sanford (1993) Methods Enzymol. 217: 483-509;
Klein et al. (1987) Nature 327: 70-73; U.S. Pat. No. 5,015,
580 (Christou et al), issued May 14, 1991; and U.S. Pat. No.
5,322,783 (Tomes et al.), issued Jun. 21, 1994).

Alternatively, sonication methods (see, for example,
Zhang et al. (1991) Bio/lechnology 9: 996-997); direct
uptake of DNA into protoplasts using CaCl, precipitation,
polyvinyl alcohol or poly-L-ornithine (see, for example,
Hain et al. (1985) Mol. Gen. Genet. 199: 161-168; Draper et
al. (1982) Plant Cell Physiol. 23: 451-458); liposome or
spheroplast fusion (see, for example, Deshayes et al. (1985)
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EMBO J., 4: 2731-2737, Christou et al. (1987) Proc. Natl.
Acad. Sci. USA 84: 3962-3966); and electroporation of
protoplasts and whole cells and tissues (see, for example,
Donn et al. (1990) in Abstracts of Viith International
Congress on Plant Cell and Tissue Culture IAPTC, A2-38:
53; D’Halluin et al. (1992); and Spencer et al. (1994) Plant
Mol. Biol. 24: 51-61) have been used to introduce foreign
DNA and expression vectors into plants.

After a plant or plant cell is transformed (and the latter
regenerated into a plant), the transformed plant may be
crossed with itself or a plant from the same line, a non-
transformed or wild-type plant, or another transformed plant
from a different transgenic line of plants. Crossing provides
the advantages of producing new and often stable transgenic
varieties. Genes and the traits they confer that have been
introduced into a tomato or soybean line may be moved into
distinct line of plants using traditional backcrossing tech-
niques well known in the art. Transformation of tomato
plants may be conducted using the protocols of Koornneef
et al (1986) In Tomato Biotechnology: Alan R. Liss, Inc.,
169-178, and in U.S. Pat. No. 6,613,962, the latter method
described in brief here. Eight day old cotyledon explants are
precultured for 24 hours in Petri dishes containing a feeder
layer of Petunia hybrida suspension cells plated on MS
medium with 2% (w/v) sucrose and 0.8% agar supplemented
with 10 uM a-naphthalene acetic acid and 4.4 uM 6-ben-
zylaminopurine. The explants are then infected with a
diluted overnight culture of Agrobacterium tumefaciens
containing an expression vector comprising a polynucle-
otide of the invention for 5-10 minutes, blotted dry on sterile
filter paper and cocultured for 48 hours on the original feeder
layer plates. Culture conditions are as described above.
Overnight cultures of Agrobacterium tumefaciens are
diluted in liquid MS medium with 2% (w/v/) sucrose, pH
5.7) to an OD,, of 0.8.

Following cocultivation, the cotyledon explants are trans-
ferred to Petri dishes with selective medium comprising MS
medium with 4.56 uM zeatin, 67.3 uM vancomycin, 418.9
UM cefotaxime and 171.6 uM kanamycin sulfate, and cul-
tured under the culture conditions described above. The
explants are subcultured every three weeks onto fresh
medium. Emerging shoots are dissected from the underlying
callus and transferred to glass jars with selective medium
without zeatin to form roots. The formation of roots in a
kanamycin sulfate-containing medium is a positive indica-
tion of a successful transformation.

Transformation of soybean plants may be conducted
using the methods found in, for example, U.S. Pat. No.
5,563,055 (Townsend et al., issued Oct. 8, 1996), described
in brief here. In this method soybean seed is surface steril-
ized by exposure to chlorine gas evolved in a glass bell jar.
Seeds are germinated by plating on 1/10 strength agar
solidified medium without plant growth regulators and cul-
turing at 28° C. with a 16 hour day length. After three or four
days, seed may be prepared for cocultivation. The seedcoat
is removed and the elongating radicle removed 3-4 mm
below the cotyledons.

Overnight cultures of Agrobacterium tumefaciens harbor-
ing the expression vector comprising a polynucleotide of the
invention are grown to log phase, pooled, and concentrated
by centrifugation. Inoculations are conducted in batches
such that each plate of seed was treated with a newly
resuspended pellet of Agrobacterium. The pellets are resus-
pended in 20 ml inoculation medium. The inoculum is
poured into a Petri dish containing prepared seed and the
cotyledonary nodes are macerated with a surgical blade.
After 30 minutes the explants are transferred to plates of the
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same medium that has been solidified. Explants are embed-
ded with the adaxial side up and level with the surface of the
medium and cultured at 22° C. for three days under white
fluorescent light. These plants may then be regenerated
according to methods well established in the art, such as by
moving the explants after three days to a liquid counter-
selection medium (see U.S. Pat. No. 5,563,055).

The explants may then be picked, embedded and cultured
in solidified selection medium. After one month on selective
media transformed tissue becomes visible as green sectors of
regenerating tissue against a background of bleached, less
healthy tissue. Explants with green sectors are transferred to
an elongation medium. Culture is continued on this medium
with transfers to fresh plates every two weeks. When shoots
are 0.5 cm in length they may be excised at the base and
placed in a rooting medium.

Example XIV

Transformation of Cereal Plants with an Expression
Vector

Cereal plants such as, but not limited to, corn, wheat, rice,
sorghum, or barley, may be transformed with the present
polynucleotide sequences, including monocot or dicot-de-
rived sequences such as those presented in Tables 4-6,
cloned into a vector such as pGA643 and containing a
kanamycin-resistance marker, and expressed constitutively
under, for example, the CaMV 35S or COR15 promoters, or
with tissue-specific or inducible promoters. The expression
vectors may be one found in the Sequence Listing, or any
other suitable expression vector may be similarly used. For
example, pMEN020 may be modified to replace the Nptll
coding region with the BAR gene of Streptomyces hygro-
scopicus that confers resistance to phosphinothricin. The
Kpnl and BgllIl sites of the Bar gene are removed by
site-directed mutagenesis with silent codon changes.

The cloning vector may be introduced into a variety of
cereal plants by means well known in the art including direct
DNA transfer or Agrobacterium tumefaciens-mediated
transformation. The latter approach may be accomplished by
a variety of means, including, for example, that of U.S. Pat.
No. 5,591,616, in which monocotyledon callus is trans-
formed by contacting dedifferentiating tissue with the Agro-
bacterium containing the cloning vector.

The sample tissues are immersed in a suspension of
3x107? cells of Agrobacterium containing the cloning vector
for 3-10 minutes. The callus material is cultured on solid
medium at 25° C. in the dark for several days. The calli
grown on this medium are transferred to Regeneration
medium. Transfers are continued every 2-3 weeks (2 or 3
times) until shoots develop. Shoots are then transferred to
Shoot-Elongation medium every 2-3 weeks. Healthy look-
ing shoots are transferred to rooting medium and after roots
have developed, the plants are placed into moist potting soil.

The transformed plants are then analyzed for the presence
of the NPTII gene/kanamycin resistance by ELISA, using
the ELISA NPTII kit from 5Prime-3Prime Inc. (Boulder,
Colo.).

It is also routine to use other methods to produce trans-
genic plants of most cereal crops (Vasil (1994) Plant Mol.
Biol. 25: 925-937) such as corn, wheat, rice, sorghum
(Cassas et al. (1993) Proc. Natl. Acad. Sci. 90: 11212-1121),
and barley (Wan and Lemeaux (1994) Plant Physiol. 104:
37-48). DNA transfer methods such as the microprojectile
method can be used for corn (Fromm et al. (1990) supra;
Gordon-Kamm et al. (1990) supra; Ishida (1990) Nature
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Biotechnol. 14: 745-750), wheat (Vasil et al. (1992) Bio/
Technol. 10: 667-674; Vasil et al. (1993a) Bio/lechnology
10: 667-674; Vasil et al. (1993b) Bio/Technol. 11: 1553-
1558; Weeks et al. (1993) supra), and rice (Christou (1991)
Bio/Technology 9: 957-962; Hiei et al. (1994) Plant J. 6:
271-282; Aldemita and Hodges (1996) Planta 199: 612-617;
and Hiei et al. (1997) Plant Mol. Biol. 35: 205-218). For
most cereal plants, embryogenic cells derived from imma-
ture scutellum tissues are the preferred cellular targets for

122

To verify the ability to confer stress resistance, mature
plants overexpressing a transcription factor of the invention,
or alternatively, seedling progeny of these plants, may be
challenged by a stress such as drought, heat, cold, high salt,
or desiccation. Alternatively, these plants may challenged in
a hyperosmotic stress condition that may also measure
altered sugar sensing, such as a high sugar condition. By
comparing control plants (for example, wild type) and
transgenic plants similarly treated, the transgenic plants may
be shown to have greater tolerance to the particular stress.

. . . 10 .
transformation (Hiei et al. (1997) supra; Vasil (1994) supra). After a dicot plant, monocot plant or plant cell has been
For transforming corn embryogenic cells derived from transformed (and the latter regenerated into a plant) and
immature scutellar tissue using microprojectile bombard- shown to have improved biochemical characteristics, greater
ment, the A188XB73 genotype is the preferred genotype size or tolerance to abiotic stress, or produce greater yield
(Fromm et al. (1990) supra; Gordon-Kamm et al. (1990) s relative to a control plant under the stress conditions, the
supra). After microprojectile bombardment the tissues are ~~ transformed monocot plant may be crossed with itself or a
selected on phosphinothricin to identify the transgenic plant from the same line, a non-transformed or wild-type
embryogenic cells (Gordon-Kamm (1990) Plant Cell 2: monocot plant, or another transformed monocot plant from
603-618). Transgenic plants are regenerated by standard  a different transgenic line of plants.
corn regeneration techniques (Fromm et al. (1990) supra; These experiments would demonstrate that transcription
Gordon-Kamm et al. (1990) supra). factor polypeptides of the invention can be identified and
shown to confer improved biochemical characteristics,
Example XV larger size, greater yield, and/or abiotic stress tolerance in
dicots or monocots, including multiple improved biochemi-
Transcription Factor Expression and Analysis of ’s cal characteristics and/or tolerance to multiple stresses.
Improved Traits It is expected that the same methods may be applied to
identify other useful and valuable sequences of the present
Biochemical assays such as those disclosed above may be transcription factor clades, and the sequences may be
used to identify improved characteristics in any of the derived from a diverse range of species.
transgenic or knock plants produced with sequences of the 30 All references, publications, patent documents, web
invention, such as polynucleotides SEQ ID NO: 2n-1, pages, and other documents cited or mentioned herein are
wherein n=1-84, or SEQ ID NO: 2n, wherein n=121-127. hereby incorporated by reference in their entirety for all
Northern blot analysis, RT-PCR or microarray analysis of purposes. Although the invention has been described with
the regenerated, transformed plants may also be used to reference to specific embodiments and examples, it should
show expression of a transcription factor polypeptide or the 3 be understood that one of ordinary skill can make various
invention and related genes that are capable of inducing modifications without departing from the spirit of the inven-
improved biochemical characteristics, abiotic stress toler- tion. The scope of the invention is not limited to the specific
ance, and/or larger size. embodiments and examples provided.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 283
<210> SEQ ID NO 1
<211> LENGTH: 2793
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1272
<400> SEQUENCE: 1
atggattcaa caaatggtaa cggagctgat cttgaatcag caaatgggge aaacgggagt 60
ggggttactyg aggcattacc acctectceca ccagttatac ctceccaaatgt ggaaccagtt 120
cgtgttaaaa ctgaacttge tgagaagaag gggccagtte gagttectat ggctegaaaa 180
ggatttggaa caaggggcca aaagatcccce ttgttaacaa atcatttcaa agtecgatgtg 240
gctaatcttc agggtcattt cttccactac agtgtggcetce tattctatga tgatggtegt 300
cctgttgaac aaaagggtgt tggaagaaaa atccttgaca aggtgcatca gacttaccat 360
tctgatetgyg atggtaaaga gtttgcettat gacggtgaga agacgttgtt tacatatgga 420
getttgecta gtaacaagat ggatttttet gtggtgettyg aggaagtatce tgetacaagt 480
aaggattttyg tgagcagggce taatggaaac ggaagcccca atgggaatga aagtccaagt 540
gatggtgata ggaaaagact gcgtaggcect aaccggtcca aaaactttayg agtggagate 600
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-continued
agctatgcegg ccaaaattcc tcttcaaget cttgctaatg caatgcegggyg acaagaatca 660
gagaattcece aggaggcaat acgggttcett gatatcatat tgaggcaaca tgctgctaga 720
caaggttgcet tgcttgttcg acagtctttt ttccacaatg atccaaccaa ctgtgaacca 780
gttggtggta acatcttagg atgtagggga tttcactcca gtttcagaac aacgcagggt 840
ggcatgtcac ttaatatgga tgttacaacc accatgatca tcaagcctgg tccagtggtt 900
gatttcctaa ttgctaacca aaatgctagg gacccttatt cgattgactg gtctaagget 960
aaacgaaccce ttaagaacct aagggtaaag gtcagcccect caggccaaga attcaagata 1020
accggattga gtgacaagcc ttgcagggaa caaacgtttg aattgaagaa aaggaaccca 1080
aatgaaaatg gagagttcga aactactgaa gttacagttg ctgactactt ccgcgataca 1140
aggcatattg atttgcaata ttctgcggat ttgccttgca tcaatgttgg gaagccaaag 1200
cgacccactt acattcctet cgagctectge gegttggtte cacttcagag gtacacaaaa 1260
gcacttacca cgttccaaag atctgccctt gttgagaaat ccagacagaa accccaagag 1320
aggatgactg ttctgtccaa agctctgaaa gttagcaact atgatgcgga accactcctg 1380
cgatcctgtg gecatttcgat cagctccaac tttactcagg tggagggtcg tgttctacca 1440
gcteccaage tgaaaatggg atgtggatct gaaaccttte ccagaaatgg tcgctggaac 1500
ttcaacaaca aggaatttgt tgagcccacc aaaattcaac gatgggttgt tgtcaatttce 1560
tctgcteget gtaatgtacg tcaagttgtt gatgatctga taaaaattgg aggatcaaaa 1620
ggaattgaaa ttgcttctce ctttcaagtg tttgaggagg gtaatcaatt ccgccgtget 1680
cctecctatga ttcegtgttga gaacatgttt aaggacatcc aatcgaaact ccctggtgtce 1740
ccacaattca tactatgtgt gctccctgac aaaaagaaca gtgatctcta tggtccatgg 1800
aagaaaaaaa acttaactga atttggcatt gttactcaat gcatggctcc aacgcggcaa 1860
cctaatgatc agtatcttac taacttactt ctgaagatta atgcaaagct tggaggcctg 1920
aactcaatgt taagtgtaga gcgtacacct gcgttcactg tgatttctaa ggttccaacc 1980
attatccttg ggatggatgt ttcacatgga tctecctggac agtctgatgt cccgtcecatce 2040
gctgetgtgyg tgagttctag ggagtggcca ctgatatcca aatatagagce atctgttegg 2100
acacagcctt ctaaggctga gatgattgag tcecttgtca agaaaaatgg aactgaagac 2160
gatggcatta tcaaggagtt gctggtagat ttctacacca gctcgaataa gagaaaacca 2220
gagcatatca taattttcag ggatggtgtg agtgaatctc aattcaatca ggttctgaat 2280
attgaacttg atcagatcat cgaggcttgc aagctcttag acgcaaattg gaacccaaag 2340
ttecttttgt tggtggctca aaagaatcat cataccaagt tcttccagecce aacgtctcect 2400
gaaaatgttc ctccagggac aatcattgac aacaaaatat gtcacccaaa gaacaatgat 2460
ttctacctet gtgctcacge tggaatgatt ggaactaccc gcccaactca ctaccacgtce 2520
ctgtatgatg agattggttt ttcagctgac gaacttcagg aacttgtcca ctegctctcee 2580
tatgtgtacc aaagaagcac cagtgccatt tctgttgttg cgccgatctg ctatgctcac 2640
ttggcagctg ctcagcttgg gacgttcatg aagtttgaag atcagtctga gacatcatca 2700
agccatggtg gtatcacagce tccaggacca atctctgttg cacagctccce aagactcaaa 2760
gacaacgtcg ccaactccat gttcttetgt taa 2793

<210> SEQ ID NO 2
<211> LENGTH: 930
<212> TYPE: PRT
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-continued

126

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1272 polypeptide
<400> SEQUENCE: 2

Met Asp Ser Thr Asn Gly Asn Gly Ala Asp Leu Glu Ser Ala Asn
1 5 10 15

Ala Asn Gly Ser Gly Val Thr Glu Ala Leu Pro Pro Pro Pro Pro
20 25 30

Ile Pro Pro Asn Val Glu Pro Val Arg Val Lys Thr Glu Leu Ala
35 40 45

Lys Lys Gly Pro Val Arg Val Pro Met Ala Arg Lys Gly Phe Gly
50 55 60

Arg Gly Gln Lys Ile Pro Leu Leu Thr Asn His Phe Lys Val Asp
65 70 75

Ala Asn Leu Gln Gly His Phe Phe His Tyr Ser Val Ala Leu Phe
85 90 95

Asp Asp Gly Arg Pro Val Glu Gln Lys Gly Val Gly Arg Lys Ile
100 105 110

Asp Lys Val His Gln Thr Tyr His Ser Asp Leu Asp Gly Lys Glu
115 120 125

Ala Tyr Asp Gly Glu Lys Thr Leu Phe Thr Tyr Gly Ala Leu Pro
130 135 140

Asn Lys Met Asp Phe Ser Val Val Leu Glu Glu Val Ser Ala Thr
145 150 155

Lys Asp Phe Val Ser Arg Ala Asn Gly Asn Gly Ser Pro Asn Gly
165 170 175

Glu Ser Pro Ser Asp Gly Asp Arg Lys Arg Leu Arg Arg Pro Asn
180 185 190

Ser Lys Asn Phe Arg Val Glu Ile Ser Tyr Ala Ala Lys Ile Pro
195 200 205

Gln Ala Leu Ala Asn Ala Met Arg Gly Gln Glu Ser Glu Asn Ser
210 215 220

Glu Ala Ile Arg Val Leu Asp Ile Ile Leu Arg Gln His Ala Ala
225 230 235

Gln Gly Cys Leu Leu Val Arg Gln Ser Phe Phe His Asn Asp Pro
245 250 255

Asn Cys Glu Pro Val Gly Gly Asn Ile Leu Gly Cys Arg Gly Phe
260 265 270

Ser Ser Phe Arg Thr Thr Gln Gly Gly Met Ser Leu Asn Met Asp
275 280 285

Thr Thr Thr Met Ile Ile Lys Pro Gly Pro Val Val Asp Phe Leu
290 295 300

Ala Asn Gln Asn Ala Arg Asp Pro Tyr Ser Ile Asp Trp Ser Lys
305 310 315

Lys Arg Thr Leu Lys Asn Leu Arg Val Lys Val Ser Pro Ser Gly
325 330 335

Glu Phe Lys Ile Thr Gly Leu Ser Asp Lys Pro Cys Arg Glu Gln
340 345 350

Phe Glu Leu Lys Lys Arg Asn Pro Asn Glu Asn Gly Glu Phe Glu
355 360 365

Thr Glu Val Thr Val Ala Asp Tyr Phe Arg Asp Thr Arg His Ile
370 375 380

Leu Gln Tyr Ser Ala Asp Leu Pro Cys Ile Asn Val Gly Lys Pro

Gly

Val

Glu

Thr

Val

80

Tyr

Leu

Phe

Ser

Ser

160

Asn

Arg

Leu

Gln

Arg

240

Thr

His

Val

Ile

Ala

320

Gln

Thr

Thr

Asp

Lys
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385

Arg

Arg

Lys

Leu

Ile

465

Ala

Gly

Gln

Ala

545

Pro

Leu

Asn

Gly

Tyr

625

Asn

Lys

Gly

Trp

Lys

705

Asp

Lys

Ser

Ala

785

Glu

Pro

Tyr

Ser

Lys

450

Ser

Pro

Arg

Arg

Val

530

Ser

Pro

Pro

Ser

Ile

610

Leu

Ser

Val

Gln

Pro

690

Ala

Gly

Arg

Gln

Cys
770

Ala

Asn

Thr

Thr

Arg

435

Val

Ile

Lys

Trp

Trp

515

Asp

Pro

Met

Gly

Asp

595

Val

Thr

Met

Pro

Ser

675

Leu

Glu

Ile

Lys

Phe
755
Lys

Gln

Val

Tyr

Lys

420

Gln

Ser

Ser

Leu

Asn

500

Val

Asp

Phe

Ile

Val

580

Leu

Thr

Asn

Leu

Thr

660

Asp

Ile

Met

Ile

Pro

740

Asn

Leu

Lys

Pro

Ile

405

Ala

Lys

Asn

Ser

Lys

485

Phe

Val

Leu

Gln

Arg

565

Pro

Tyr

Gln

Leu

Ser

645

Ile

Val

Ser

Ile

Lys

725

Glu

Gln

Leu

Asn

Pro
805

390

Pro

Leu

Pro

Tyr

Asn

470

Met

Asn

Val

Ile

Val

550

Val

Gln

Gly

Cys

Leu

630

Val

Ile

Pro

Lys

Glu

710

Glu

His

Val

Asp

His

790

Gly

Leu

Thr

Gln

Asp

455

Phe

Gly

Asn

Asn

Lys

535

Phe

Glu

Phe

Pro

Met

615

Leu

Glu

Leu

Ser

Tyr

695

Ser

Leu

Ile

Leu

Ala
775

His

Thr

Glu

Thr

Glu

440

Ala

Thr

Cys

Lys

Phe

520

Ile

Glu

Asn

Ile

Trp

600

Ala

Lys

Arg

Gly

Ile

680

Arg

Leu

Leu

Ile

Asn
760
Asn

Thr

Ile

Leu

Phe

425

Arg

Glu

Gln

Gly

Glu

505

Ser

Gly

Glu

Met

Leu

585

Lys

Pro

Ile

Thr

Met

665

Ala

Ala

Val

Val

Ile

745

Ile

Trp

Lys

Ile

Cys

410

Gln

Met

Pro

Val

Ser

490

Phe

Ala

Gly

Gly

Phe

570

Cys

Lys

Thr

Asn

Pro

650

Asp

Ala

Ser

Lys

Asp

730

Phe

Glu

Asn

Phe

Asp
810

395

Ala

Arg

Thr

Leu

Glu

475

Glu

Val

Arg

Ser

Asn

555

Lys

Val

Lys

Arg

Ala

635

Ala

Val

Val

Val

Lys

715

Phe

Arg

Leu

Pro

Phe
795

Asn

Leu

Ser

Val

Leu

460

Gly

Thr

Glu

Cys

Lys

540

Gln

Asp

Leu

Asn

Gln

620

Lys

Phe

Ser

Val

Arg

700

Asn

Tyr

Asp

Asp

Lys

780

Gln

Lys

Val

Ala

Leu

445

Arg

Arg

Phe

Pro

Asn

525

Gly

Phe

Ile

Pro

Leu

605

Pro

Leu

Thr

His

Ser

685

Thr

Gly

Thr

Gly

Gln
765
Phe

Pro

Ile

Pro

Leu

430

Ser

Ser

Val

Pro

Thr

510

Val

Ile

Arg

Gln

Asp

590

Thr

Asn

Gly

Val

Gly

670

Ser

Gln

Thr

Ser

Val

750

Ile

Leu

Thr

Cys

Leu

415

Val

Lys

Cys

Leu

Arg

495

Lys

Arg

Glu

Arg

Ser

575

Lys

Glu

Asp

Gly

Ile

655

Ser

Arg

Pro

Glu

Ser

735

Ser

Ile

Leu

Ser

His
815

400

Gln

Glu

Ala

Gly

Pro

480

Asn

Ile

Gln

Ile

Ala

560

Lys

Lys

Phe

Gln

Leu

640

Ser

Pro

Glu

Ser

Asp

720

Asn

Glu

Glu

Leu

Pro
800

Pro
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Lys Asn Asn Asp Phe Tyr Leu Cys Ala His Ala Gly Met Ile Gly Thr
820 825 830

Thr Arg Pro Thr His Tyr His Val Leu Tyr Asp Glu Ile Gly Phe Ser
835 840 845

Ala Asp Glu Leu Gln Glu Leu Val His Ser Leu Ser Tyr Val Tyr Gln
850 855 860

Arg Ser Thr Ser Ala Ile Ser Val Val Ala Pro Ile Cys Tyr Ala His
865 870 875 880

Leu Ala Ala Ala Gln Leu Gly Thr Phe Met Lys Phe Glu Asp Gln Ser
885 890 895

Glu Thr Ser Ser Ser His Gly Gly Ile Thr Ala Pro Gly Pro Ile Ser
900 905 910

Val Ala Gln Leu Pro Arg Leu Lys Asp Asn Val Ala Asn Ser Met Phe
915 920 925

Phe Cys
930

<210> SEQ ID NO 3

<211> LENGTH: 1413

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1506

<400> SEQUENCE: 3

atggggaagc aaggtccttg ctatcactgt ggagttacaa gtacacctct atggagaaac 60
gggccaccag agaagcceggt gttgtgcaat gegtgtggtt cgaggtggag aactaaagga 120
tcattagtaa actacacacc tcttcatget cgtgetgaag gtgatgagac tgagattgag 180
gatcatagaa ctcaaacggt gatgattaag ggaatgtctt tgaacaaaaa gattcccaag 240
aggaaaccat atcaagaaaa cttcacagtg aaaagagcta acttggaatt ccataccggt 300
ttcaagagga aggctctgga tgaagaagct agcaatagat cgagttcagg atcggttgta 360
tcaaactccg agagctgtge acaatctaat gegtgggact cgacttttee ttgtaagaga 420
aggacatgtyg tgggacgtcc aaaggcagct tcttetgttg aaaagetcac aaaggatcett 480
tatactattc tacaagaaca gcaatcttct tgtctctetg gtacttcaga ggaagatttg 540
ctttttgaga atgaaacacc aatgctgtta ggacatggta gtgttettat gagagatcct 600
cactcaggtyg ctcgagaaga ggaatctgaa gctagctcac tcettagttga gagcagcaag 660
tcttcatcag ttcattetgt taaatttggt ggaaaagcaa tgaagcagga gcaagtgaag 720
aggagcaaat ctcaagtctt aggaagacat agttcactac tctgtagcat agatttgaag 780
gatgttttca actttgatga gttcatagaa aatttcacag aggaagaaca gcaaaaactg 840
atgaaattac ttcctcaagt tgactctgtt gatcgtectg atagectcag aagcatgttt 900
gagagttctce aattcaaaga gaacttatce ttgtttcage aacttgtgge agatggtgtt 960

tttgagacaa attcgtctta tgcaaaactt gaagacatta agacacttgc aaagcttgcet 1020

ttatcagatc ctaacaaatc ccatttgttg gaaagctatt acatgctcaa gagaagagag 1080

attgaagact gtgttactac aacatcaagg gtctcaagct tgagtccatc gaataataat 1140

agtcttgtaa ccattgaaag accttgtgaa agcttaaacc aaaacttctc agagacaaga 1200

ggtgtgatga gaagcccgaa agaagtgatg aagattagat caaagcacac cgaagagaat 1260

ttagagaata gtgtatcttc ctttaaacct gtgagctgtg gtggacctct ggtgtttagce 1320
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tatgaagata atgatatttc tgatcaggat cttcecttettg atgtgccgte gaacggctca 1380

ttcecctecaag cagagcttcet aaacatgata tga 1413

<210> SEQ ID NO 4

<211> LENGTH: 470

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1506 polypeptide

<400> SEQUENCE: 4

Met Gly Lys Gln Gly Pro Cys Tyr His Cys Gly Val Thr Ser Thr Pro
1 5 10 15

Leu Trp Arg Asn Gly Pro Pro Glu Lys Pro Val Leu Cys Asn Ala Cys
20 25 30

Gly Ser Arg Trp Arg Thr Lys Gly Ser Leu Val Asn Tyr Thr Pro Leu
35 40 45

His Ala Arg Ala Glu Gly Asp Glu Thr Glu Ile Glu Asp His Arg Thr
Gln Thr Val Met Ile Lys Gly Met Ser Leu Asn Lys Lys Ile Pro Lys
65 70 75 80

Arg Lys Pro Tyr Gln Glu Asn Phe Thr Val Lys Arg Ala Asn Leu Glu
85 90 95

Phe His Thr Gly Phe Lys Arg Lys Ala Leu Asp Glu Glu Ala Ser Asn
100 105 110

Arg Ser Ser Ser Gly Ser Val Val Ser Asn Ser Glu Ser Cys Ala Gln
115 120 125

Ser Asn Ala Trp Asp Ser Thr Phe Pro Cys Lys Arg Arg Thr Cys Val
130 135 140

Gly Arg Pro Lys Ala Ala Ser Ser Val Glu Lys Leu Thr Lys Asp Leu
145 150 155 160

Tyr Thr Ile Leu Gln Glu Gln Gln Ser Ser Cys Leu Ser Gly Thr Ser
165 170 175

Glu Glu Asp Leu Leu Phe Glu Asn Glu Thr Pro Met Leu Leu Gly His
180 185 190

Gly Ser Val Leu Met Arg Asp Pro His Ser Gly Ala Arg Glu Glu Glu
195 200 205

Ser Glu Ala Ser Ser Leu Leu Val Glu Ser Ser Lys Ser Ser Ser Val
210 215 220

His Ser Val Lys Phe Gly Gly Lys Ala Met Lys Gln Glu Gln Val Lys
225 230 235 240

Arg Ser Lys Ser Gln Val Leu Gly Arg His Ser Ser Leu Leu Cys Ser
245 250 255

Ile Asp Leu Lys Asp Val Phe Asn Phe Asp Glu Phe Ile Glu Asn Phe
260 265 270

Thr Glu Glu Glu Gln Gln Lys Leu Met Lys Leu Leu Pro Gln Val Asp
275 280 285

Ser Val Asp Arg Pro Asp Ser Leu Arg Ser Met Phe Glu Ser Ser Gln
290 295 300

Phe Lys Glu Asn Leu Ser Leu Phe Gln Gln Leu Val Ala Asp Gly Val
305 310 315 320

Phe Glu Thr Asn Ser Ser Tyr Ala Lys Leu Glu Asp Ile Lys Thr Leu
325 330 335

Ala Lys Leu Ala Leu Ser Asp Pro Asn Lys Ser His Leu Leu Glu Ser
340 345 350
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Tyr Tyr Met Leu Lys Arg Arg Glu Ile Glu Asp Cys Val Thr Thr Thr
355 360 365

Ser Arg Val Ser Ser Leu Ser Pro Ser Asn Asn Asn Ser Leu Val Thr
370 375 380

Ile Glu Arg Pro Cys Glu Ser Leu Asn Gln Asn Phe Ser Glu Thr Arg
385 390 395 400

Gly Val Met Arg Ser Pro Lys Glu Val Met Lys Ile Arg Ser Lys His
405 410 415

Thr Glu Glu Asn Leu Glu Asn Ser Val Ser Ser Phe Lys Pro Val Ser
420 425 430

Cys Gly Gly Pro Leu Val Phe Ser Tyr Glu Asp Asn Asp Ile Ser Asp
435 440 445

Gln Asp Leu Leu Leu Asp Val Pro Ser Asn Gly Ser Phe Pro Gln Ala
450 455 460

Glu Leu Leu Asn Met Ile
465 470

<210> SEQ ID NO 5

<211> LENGTH: 678

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1897

<400> SEQUENCE: 5

atgccttetyg aattcagtga atctcegtegg gttectaaga ttecccacgyg ccaaggagga 60
tctgttgcega ttccgacgga tcaacaagag cagetttett gtectegetyg tgaatcaace 120
aacaccaagt tctgttacta caacaactac aacttctcac aacctcgtca tttctgcaag 180
tcttgtegee gttactggac tcatggaggt actctceegtyg acattccegt cggtggtgtt 240
tccegtaaaa gctcaaaacg ttcccggact tattcctetyg cegetaccac cteegttgte 300
ggaagccgga actttccctt acaagctacg ccectgttettt tecctcagtce gtcettccaac 360
ggcggtatca cgacggcgaa gggaagtgct tcgtegttet atggeggttt cagetcetttg 420
atcaactaca acgccgecgt gagcagaaat gggectggtyg gegggtttaa tgggecagat 480
gettttggte ttgggettgg tcacgggteg tattatgagg acgtcagata tgggcaagga 540
ataacggtct ggcegttttce aagtggeget actgatgetyg caactactac aagccacatt 600
gctcaaatac ccgecacgtg gcagtttgaa ggtcaagaga gcaaagtcgg gttegtgtet 660
ggagactacg tagcgtga 678

<210> SEQ ID NO 6

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1897 polypeptide

<400> SEQUENCE: 6

Met Pro Ser Glu Phe Ser Glu Ser Arg Arg Val Pro Lys Ile Pro His
1 5 10 15

Gly Gln Gly Gly Ser Val Ala Ile Pro Thr Asp Gln Gln Glu Gln Leu
20 25 30

Ser Cys Pro Arg Cys Glu Ser Thr Asn Thr Lys Phe Cys Tyr Tyr Asn
35 40 45

Asn Tyr Asn Phe Ser Gln Pro Arg His Phe Cys Lys Ser Cys Arg Arg
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50 55 60

Tyr Trp Thr His Gly Gly Thr Leu Arg Asp Ile Pro Val Gly Gly Val
65 70 75 80

Ser Arg Lys Ser Ser Lys Arg Ser Arg Thr Tyr Ser Ser Ala Ala Thr
85 90 95

Thr Ser Val Val Gly Ser Arg Asn Phe Pro Leu Gln Ala Thr Pro Val
100 105 110

Leu Phe Pro Gln Ser Ser Ser Asn Gly Gly Ile Thr Thr Ala Lys Gly
115 120 125

Ser Ala Ser Ser Phe Tyr Gly Gly Phe Ser Ser Leu Ile Asn Tyr Asn
130 135 140

Ala Ala Val Ser Arg Asn Gly Pro Gly Gly Gly Phe Asn Gly Pro Asp
145 150 155 160

Ala Phe Gly Leu Gly Leu Gly His Gly Ser Tyr Tyr Glu Asp Val Arg
165 170 175

Tyr Gly Gln Gly Ile Thr Val Trp Pro Phe Ser Ser Gly Ala Thr Asp
180 185 190

Ala Ala Thr Thr Thr Ser His Ile Ala Gln Ile Pro Ala Thr Trp Gln
195 200 205

Phe Glu Gly Gln Glu Ser Lys Val Gly Phe Val Ser Gly Asp Tyr Val
210 215 220

Ala
225

<210> SEQ ID NO 7

<211> LENGTH: 1605

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1946

<400> SEQUENCE: 7

tctcacctat tgtaaaaatc accagttteg tatataaaac cctaatttte tcaaaattcce 60
caaatattga cttggaatca aaaatccgaa tggatgtgag caaagtaacce acaagcgacg 120
gecggaggaga ttcaatggag actaagccat ctectcaacce tcagectgeg gegattctaa 180
gttcaaacge gectecteceg tttetgageca agacctatga tatggttgat gatcacaata 240
cagattcgat tgtctettgg agtgctaata acaacagttt tategtttgg aaaccaccgg 300
agttcgcteg cgatcttett cctaagaact ttaagcataa taatttctcee agettegtta 360
gacagcttaa tacctatggt ttcaggaagg ttgacccaga tagatgggaa tttgegaatg 420
aaggtttttt aagaggtcag aagcacttge tacaatcaat aactaggega aaacctgccce 480
atggacaggg acagggacat cagcgatcte agcactcgaa tggacagaac tcatctgtta 540
gegecatgtgt tgaagttgge aaatttggtce tcgaagaaga agttgaaagyg cttaaaagag 600
ataagaacgt ccttatgcaa gaactcgtca gattaagaca gcagcaacag tccactgata 660
accaacttca aacgatggtt cagcgtctee agggcatgga gaatcggcaa caacaattaa 720
tgtcattcct tgcaaaggca gtacaaagcece ctecattttet atctcaatte ttacagcage 780
agaatcagca aaacgagagt aataggcgca tcagtgatac cagtaagaag cggagattca 840
agcgagacgg cattgtccgt aataatgatt ctgctactec tgatggacag atagtgaagt 900
atcaacctce aatgcacgag caagccaaag caatgtttaa acagettatg aagatggaac 960

cttacaaaac cggcgatgat ggtttcecctte taggtaatgg tacgtctact accgagggaa 1020
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cagagatgga gacttcatca aaccaagtat cgggtataac tcttaaggaa atgcctacag 1080
cttctgagat acagtcatca tcaccaattg aaacaactcc tgaaaatgtt tcggcagcat 1140
cagaagcaac cgagaactgt attccttcac ctgatgatct aactcttcce gacttcactce 1200
atatgctacc ggaaaataat tcagagaagc ctccagagag tttcatggaa ccaaacctgg 1260
gaggttctag tccattacta gatccagatc tgttgatcga tgattctttg tcecttcgaca 1320
ttgacgactt tccaatggat tctgatatag accctgttga ttacggttta ctcgaacgcet 1380
tactcatgtc aagcccggtt ccagataata tggattcaac accagtggac aatgaaacag 1440
agcaggaaca aaatggatgg gacaaaacta agcatatgga taatctgact caacagatgg 1500
gtctectete tectgaaace ttagatctcect caaggcaaaa tcecttgattt tgggagtttt 1560
taaagtcttt tgaggtaaca cagtccctga gagcagcata ttcat 1605

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 485
PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G1946 polypeptide

<400> SEQUENCE: 8

Met Asp Val
1

Glu Thr Lys
Asn Ala Pro
35

His Asn Thr
50

Ile Val Trp
65

Phe Lys His

Gly Phe Arg

Phe Leu Arg
115

Pro Ala His
130

Gly Gln Asn
145

Leu Glu Glu

Gln Glu Leu

Leu Gln Thr
195

Gln Leu Met
210

Ser Gln Phe
225

Ile Ser Asp

Arg Asn Asn

Ser Lys Val Thr Thr

5

Pro Ser Pro Gln Pro

20

Pro Pro Phe Leu Ser

40

Asp Ser Ile Val Ser

55

Lys Pro Pro Glu Phe

70

Asn Asn Phe Ser Ser

85

Lys Val Asp Pro Asp

100

Gly Gln Lys His Leu

120

Gly Gln Gly Gln Gly

135

Ser Ser Val Ser Ala
150

Glu Val Glu Arg Leu

165

Val Arg Leu Arg Gln

180

Met Val Gln Arg Leu

200

Ser Phe Leu Ala Lys

215

Leu Gln Gln Gln Asn
230

Thr Ser Lys Lys Arg

245

Asp Ser Ala Thr Pro

Ser Asp Gly
10

Gln Pro Ala
25

Lys Thr Tyr

Trp Ser Ala

Ala Arg Asp
75

Phe Val Arg
90

Arg Trp Glu
105

Leu Gln Ser

His Gln Arg

Cys Val Glu
155

Lys Arg Asp
170

Gln Gln Gln
185

Gln Gly Met

Ala Val Gln

Gln Gln Asn
235

Arg Phe Lys
250

Asp Gly Gln

Gly Gly Asp
Ala Ile Leu
30

Asp Met Val
45

Asn Asn Asn
60

Leu Leu Pro

Gln Leu Asn

Phe Ala Asn
110

Ile Thr Arg
125

Ser Gln His
140

Val Gly Lys

Lys Asn Val

Ser Thr Asp
190

Glu Asn Arg
205

Ser Pro His
220
Glu Ser Asn

Arg Asp Gly

Ile Val Lys

Ser Met
15

Ser Ser

Asp Asp

Ser Phe

Lys Asn
80

Thr Tyr
95

Glu Gly

Arg Lys

Ser Asn

Phe Gly
160

Leu Met
175

Asn Gln

Gln Gln

Phe Leu

Arg Arg
240

Ile Val
255

Tyr Gln
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260 265 270

Pro Pro Met His Glu Gln Ala Lys Ala Met Phe Lys Gln Leu Met Lys
275 280 285

Met Glu Pro Tyr Lys Thr Gly Asp Asp Gly Phe Leu Leu Gly Asn Gly
290 295 300

Thr Ser Thr Thr Glu Gly Thr Glu Met Glu Thr Ser Ser Asn Gln Val
305 310 315 320

Ser Gly Ile Thr Leu Lys Glu Met Pro Thr Ala Ser Glu Ile Gln Ser
325 330 335

Ser Ser Pro Ile Glu Thr Thr Pro Glu Asn Val Ser Ala Ala Ser Glu
340 345 350

Ala Thr Glu Asn Cys Ile Pro Ser Pro Asp Asp Leu Thr Leu Pro Asp
355 360 365

Phe Thr His Met Leu Pro Glu Asn Asn Ser Glu Lys Pro Pro Glu Ser
370 375 380

Phe Met Glu Pro Asn Leu Gly Gly Ser Ser Pro Leu Leu Asp Pro Asp
385 390 395 400

Leu Leu Ile Asp Asp Ser Leu Ser Phe Asp Ile Asp Asp Phe Pro Met
405 410 415

Asp Ser Asp Ile Asp Pro Val Asp Tyr Gly Leu Leu Glu Arg Leu Leu
420 425 430

Met Ser Ser Pro Val Pro Asp Asn Met Asp Ser Thr Pro Val Asp Asn
435 440 445

Glu Thr Glu Gln Glu Gln Asn Gly Trp Asp Lys Thr Lys His Met Asp
450 455 460

Asn Leu Thr Gln Gln Met Gly Leu Leu Ser Pro Glu Thr Leu Asp Leu
465 470 475 480

Ser Arg Gln Asn Pro
485

<210> SEQ ID NO 9

<211> LENGTH: 640

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2113

<400> SEQUENCE: 9

ataacaaact catcaaactt cctcagegtt tetttttett acataaacaa tttttcttac 60
ataaacaaat cttgttgttt gttgttgtca tggcaccgac agttaaaacyg gcggcecgtca 120
aaaccaacga aggtaacgga gtccgttaca gaggagtgag gaagagacca tggggacgtt 180
acgcagccga gatcagagat cctttcaaga agtcacgtgt ctggctceggt actttcgaca 240
ctectgaaga agcecgetegt gectacgaca aacgtgctat tgagtttegt ggagetaaag 300
ccaaaaccaa cttceccttgt tacaacatca acgcccactyg cttgagtttyg acacagagcce 360
tgagccagag cagcaccgtg gaatcatcgt ttectaatcet caacctcegga tctgactcetg 420
ttagttcgag attcecctttt cctaagattce aggttaagge tgggatgatyg gtgttcgatg 480
aaaggagtga atcggattct tcgtcggtgg tgatggatgt cgttagatat gaaggacgac 540
gtgtggtttt ggacttggat cttaatttcc ctcctceccacce tgagaactga ttaagattta 600
attatgatta ttagatataa ttaaatgttt ctgaattgag 640

<210> SEQ ID NO 10
<211> LENGTH: 166
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<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G2113 polypeptide

<400> SEQUENCE: 10

Met Ala Pro Thr Val Lys Thr Ala Ala Val Lys Thr Asn Glu Gly Asn
1 5 10 15

Gly Val Arg Tyr Arg Gly Val Arg Lys Arg Pro Trp Gly Arg Tyr Ala
20 25 30

Ala Glu Ile Arg Asp Pro Phe Lys Lys Ser Arg Val Trp Leu Gly Thr

Phe Asp Thr Pro Glu Glu Ala Ala Arg Ala Tyr Asp Lys Arg Ala Ile
50 55 60

Glu Phe Arg Gly Ala Lys Ala Lys Thr Asn Phe Pro Cys Tyr Asn Ile
65 70 75 80

Asn Ala His Cys Leu Ser Leu Thr Gln Ser Leu Ser Gln Ser Ser Thr
85 90 95

Val Glu Ser Ser Phe Pro Asn Leu Asn Leu Gly Ser Asp Ser Val Ser
100 105 110

Ser Arg Phe Pro Phe Pro Lys Ile Gln Val Lys Ala Gly Met Met Val
115 120 125

Phe Asp Glu Arg Ser Glu Ser Asp Ser Ser Ser Val Val Met Asp Val
130 135 140

Val Arg Tyr Glu Gly Arg Arg Val Val Leu Asp Leu Asp Leu Asn Phe
145 150 155 160

Pro Pro Pro Pro Glu Asn
165

<210> SEQ ID NO 11

<211> LENGTH: 506

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2117

<400> SEQUENCE: 11

atacttgtca acaaaaattt tcttaaagaa cgcataactg tttttttcat ggctggttct 60
gtctataacce ttccaagtca aaaccctaat ccacagtcett tattccaaat ctttgttgat 120
cgagtaccac tttcaaactt gectgeccacg tcagacgact ctagccggac tgcagaagat 180
aatgagagga agcggagaag gaaggtatcg aaccgcgagt cagctcggag atcgegtatg 240
cggaaacagce gtcacatgga agaactgtgg tccatgettyg ttcaactcat caataagaac 300
aaatctctag tcgatgagct aagccaagec agggaatgtt acgagaaggt tatagaagag 360
aacatgaaac ttcgagagga aaactccaag tcgaggaaga tgattggtga gatcgggett 420
aataggtttce ttagegtaga ggccgatcag atctggacct tctaatcgte tcegtaagett 480
gttggttttt tgttgtttat ttaaag 506

<210> SEQ ID NO 12

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G2117 polypeptide

<400> SEQUENCE: 12

Met Ala Gly Ser Val Tyr Asn Leu Pro Ser Gln Asn Pro Asn Pro Gln
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1 5 10 15

Ser Leu Phe Gln Ile Phe Val Asp Arg Val Pro Leu Ser Asn Leu Pro
20 25 30

Ala Thr Ser Asp Asp Ser Ser Arg Thr Ala Glu Asp Asn Glu Arg Lys
35 40 45

Arg Arg Arg Lys Val Ser Asn Arg Glu Ser Ala Arg Arg Ser Arg Met
50 55 60

Arg Lys Gln Arg His Met Glu Glu Leu Trp Ser Met Leu Val Gln Leu

Ile Asn Lys Asn Lys Ser Leu Val Asp Glu Leu Ser Gln Ala Arg Glu
85 90 95

Cys Tyr Glu Lys Val Ile Glu Glu Asn Met Lys Leu Arg Glu Glu Asn
100 105 110

Ser Lys Ser Arg Lys Met Ile Gly Glu Ile Gly Leu Asn Arg Phe Leu
115 120 125

Ser Val Glu Ala Asp Gln Ile Trp Thr Phe
130 135

<210> SEQ ID NO 13

<211> LENGTH: 1050

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2155

<400> SEQUENCE: 13

ctcatatata ccaaccaaac ctctctetge atctttatta acacaaaatt ccaaaagatt 60
aaatgttgtce gaagctccct acacagegac acttgcacct ctcetecctece tcteecteca 120
tggaaaccgt cgggegtcca cgtggcagac ctecgaggtte caaaaacaaa cctaaagcte 180
caatctttgt caccattgac cctcctatga gtecttacat cctegaagtyg ccatccggaa 240
acgatgtcegt tgaagcccta aaccgtttet gecgeggtaa agecatcgge ttttgegtcee 300
tcagtggcte aggcteegtt getgatgtca ctttgcegtea gectteteceyg gcagetectyg 360
gctcaaccat tactttccac ggaaagttceg atcttetcete tgtctecgec actttectec 420
ctectetace tcctacctee ttgtccecte cegtetcecaa tttettcace gtceteteteg 480
ccggacctea ggggaaagtce atcggtggat tegtegetgg tectetegtt gecgecggaa 540
ctgtttactt cgtcgecact agtttcaaga acccttecta tcaccggtta cctgetacgg 600
aggaagagca aagaaactcg gcggaagggg aagaggaggg acaatcgecyg ccggtcetetg 660
gaggtggtygyg agagtcgatg tacgtgggtg getctgatgt catttgggat cccaacgeca 720
aagctccate gccgtactga ccacaaatcce atctegttea aactagggtt tcttettett 780
tagatcatca agaatcaaca aaaagattgc atttttagat tctttgtaat atcataattg 840
actcactctt taatctctect atcacttctt ctttagettt ttctgcagtg tcaaacttca 900
catatttgta gtttgatttg actatcccca agttttgtat tttatcatac aaatttttgc 960

ctgtctctaa tggttgtttt ttcgtttgta taatcttatg cattgtttat tggagctcca 1020

gagattgaat gtataatata atggtttaat 1050

<210> SEQ ID NO 14

<211> LENGTH: 225

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G2155 polypeptide
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<400> SEQUENCE: 14

Met Leu Ser Lys Leu Pro Thr Gln Arg His Leu His Leu Ser Pro Ser
1 5 10 15

Ser Pro Ser Met Glu Thr Val Gly Arg Pro Arg Gly Arg Pro Arg Gly
20 25 30

Ser Lys Asn Lys Pro Lys Ala Pro Ile Phe Val Thr Ile Asp Pro Pro
35 40 45

Met Ser Pro Tyr Ile Leu Glu Val Pro Ser Gly Asn Asp Val Val Glu
50 55 60

Ala Leu Asn Arg Phe Cys Arg Gly Lys Ala Ile Gly Phe Cys Val Leu
65 70 75 80

Ser Gly Ser Gly Ser Val Ala Asp Val Thr Leu Arg Gln Pro Ser Pro
85 90 95

Ala Ala Pro Gly Ser Thr Ile Thr Phe His Gly Lys Phe Asp Leu Leu
100 105 110

Ser Val Ser Ala Thr Phe Leu Pro Pro Leu Pro Pro Thr Ser Leu Ser
115 120 125

Pro Pro Val Ser Asn Phe Phe Thr Val Ser Leu Ala Gly Pro Gln Gly
130 135 140

Lys Val Ile Gly Gly Phe Val Ala Gly Pro Leu Val Ala Ala Gly Thr
145 150 155 160

Val Tyr Phe Val Ala Thr Ser Phe Lys Asn Pro Ser Tyr His Arg Leu
165 170 175

Pro Ala Thr Glu Glu Glu Gln Arg Asn Ser Ala Glu Gly Glu Glu Glu
180 185 190

Gly Gln Ser Pro Pro Val Ser Gly Gly Gly Gly Glu Ser Met Tyr Val
195 200 205

Gly Gly Ser Asp Val Ile Trp Asp Pro Asn Ala Lys Ala Pro Ser Pro
210 215 220

Tyr
225

<210> SEQ ID NO 15

<211> LENGTH: 1312

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2290

<400> SEQUENCE: 15

ttetttettt ctttetttet cttccaatca agaacaaacce ctagctccte tetttttete 60
tctctaccte tetttcecteta tettctetta tcactactte tectcecgecgat caatcatcat 120
gaacgatcct gataatcceg atctgagcaa cgacgactct gettggagag aactcacact 180
cacagctcaa gattctgact tcttcgaccg agacacttece aatatcctet ctgacttegg 240
ttggaaccte caccactcct ccgatcatcce tcacagtcte agattcgact ccgatttaac 300
acaaaccacc ggagtcaaac ctaccaccgt cacttcttet tgttectcat ccgecgecgt 360
ttecegttgee gttacctecta ctaataataa tcecctcaget acctcaagtt caagtgaaga 420
tceggecgag aactcaaccg cctcecgecga gaaaacacca ccaccggaga caccagtgaa 480
ggagaagaag aaggctcaaa agcgaattcg gcaaccaaga ttcgcattca tgaccaagag 540
tgatgtggat aatcttgaag atggatatcg atggcgtaaa tatggacaaa aagccgtcaa 600

gaatagccca ttcccaagga gctactatag atgcacaaac agcagatgca cggtgaagaa 660
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gagagtagaa cgttcatcag atgatccatc gatagtgatc acaacatacg aaggacaaca 720
ttgccatcaa accattggat tccctegtgg tggaatccte actgcacacyg acccacatag 780
cttcacttet catcatcatc tccctectec attaccaaat ccttattatt accaagaact 840
ccttecatcaa cttcacagag acaataatge tecttcaceg cggttaccee gacctactac 900
tgaagataca cctgcegtgt ctactccatce agaggaagge ttacttggtyg atattgtace 960
tcaaactatg cgcaaccctt gaggtaagct tggtacgtag caatagctaa ggaggtgcta 1020
actcattata tatagaagat attgcagacc agaatatgcg cagggagggt ataacaatat 1080
ggcgttgtaa caatggatct atatattacc tcattgttga tcaatagcac accaccggta 1140
cgtttgcaat ttcttcatgt atatttcttg ttatatatgt agttatatat ccaggtataa 1200
ttttgatgta acacaacatt aatcttaatc gtggatccat cccacatttg atgcatgtat 1260
gtgcacttaa gaaaaagaac atggaggaaa taacgttatt ttttattatt ct 1312

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 16
H: 287
PRT

RE:

<223> OTHER INFORMATION: G2290 polypeptide

<400> SEQUENCE: 16

Met Asn Asp
1

Arg Glu Leu
Thr Ser Asn
35

Asp His Pro
50

Gly Val Lys
65

Val Ser Val

Ser Ser Ser

Thr Pro Pro
115

Arg Ile Arg
130

Asn Leu Glu
145

Lys Asn Ser

Cys Thr Val

Val Ile Thr
195

Pro Arg Gly
210

His His His
225

Leu Leu His

Pro Asp Asn Pro Asp

Thr Leu Thr Ala Gln

20

Ile Leu Ser Asp Phe

40

His Ser Leu Arg Phe

55

Pro Thr Thr Val Thr

70

Ala Val Thr Ser Thr

85

Glu Asp Pro Ala Glu

100

Pro Glu Thr Pro Val

120

Gln Pro Arg Phe Ala

135

Asp Gly Tyr Arg Trp
150

Pro Phe Pro Arg Ser

165

Lys Lys Arg Val Glu

180

Thr Tyr Glu Gly Gln

200

Gly Ile Leu Thr Ala

215

Leu Pro Pro Pro Leu
230

Gln Leu His Arg Asp

Leu

Asp

Gly

Asp

Ser

Asn

Asn

105

Lys

Phe

Arg

Tyr

Arg

185

His

His

Pro

Asn

Ser

10

Ser

Trp

Ser

Ser

Asn

90

Ser

Glu

Met

Lys

Tyr

170

Ser

Cys

Asp

Asn

Asn

Asn

Asp

Asn

Asp

Cys

75

Asn

Thr

Lys

Thr

Tyr

155

Arg

Ser

His

Pro

Pro
235

Ala

Asp Asp Ser

Phe Phe Asp

Leu His His
45

Leu Thr Gln
60

Ser Ser Ser

Pro Ser Ala

Ala Ser Ala
110

Lys Lys Ala
125

Lys Ser Asp
140

Gly Gln Lys

Cys Thr Asn

Asp Asp Pro
190

Gln Thr Ile
205

His Ser Phe
220

Tyr Tyr Tyr

Pro Ser Pro

Ala Trp
15

Arg Asp

Ser Ser

Thr Thr

Ala Ala
80

Thr Ser
95

Glu Lys

Gln Lys

Val Asp

Ala Val

160

Ser Arg
175

Ser Ile

Gly Phe

Thr Ser

Gln Glu

240

Arg Leu
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150

245

250

255

Pro Arg Pro Thr Thr Glu Asp Thr Pro Ala Val Ser Thr Pro Ser Glu

260

265

270

Glu Gly Leu Leu Gly Asp Ile Val Pro Gln Thr Met Arg Asn Pro

275

<210> SEQ ID NO 17
<211> LENGTH: 1406

<212> TYPE:

DNA

280

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2340

<400> SEQUENCE: 17

atacaaaact

aagagagaac

cagaataaga

tgtatgatcg

agettetatt

gaagggttga

caacgacatg

ggcaaaagct

tttagccaag

tcggecatag

actcacatca

ctcgatggag

gacgacaaag

tttttgaaca

attattggaa

ggtgagaggt

agcataaccg

tgtttatacg

ttgagtcatg

acttcattca

tttaatgata

aattattttg

ttagagtttyg

aaaaaaaaaa

ccctettete

acaaaatttc

cgtatctatce

atccatcaca

tttaatacat

agaaaggagc

gtgaaggcgg

gcagattgag

acgaggaaga

ctcgtaaaat

agaaatgtct

ccggtaaatce

atgatcagaa

gagtagcaaa

gtaatggect

caacgagttce

ttgatgcaac

aggaaatagt

ttttatctca

tgagggaaat

gctacgtgac

gatgagttat

atttgctatg

aaaaaaaaaa

<210> SEQ ID NO 18
<211> LENGTH: 333

<212> TYPE:

PRT

tatcttctte

agtttacgaa

cttgccttaa

agcccacaac

tcaagaatca

atggactcaa

ttggcgaacc

atgggcgaat

ttccatcatce

accaagaaga

ggtcaagaaa

atctgaccat

ttcaaataac

cagattcggt

acttactagt

ttcctecaca

atctctatcce

cggtgacatt

tgaagattta

tacaatgatc

gccgatcaat

attgatgatg

gtgtttttag

aaaaaa

atcttaaaga

aagctagcaa

tgttcttace

aacaacaact

agaatggtac

gaagaagacc

ctteccggaca

tacttaagac

aacctecacyg

acagacaatg

ggtattgatc

tcegegeate

aaaaagttgt

catagaatca

cacactactc

catacctctt

tcatccacgt

gaagatatga

ttgatgtceg

tttcaagagg

gaagttgatg

atgaaaattt

tttgtgtgty

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2340 polypeptide

<400> SEQUENCE: 18

285

aaaaataaga

agtcgagtat

aaaagatcta

acatctcttt

gganCCgtg

aaaagcttat

aagctggact

ctgacattaa

ccattcatgyg

agatcaagaa

cgttgaccca

ccgagaaaag

caggatcatc

accacaatgt

caactacaag

cgaatctece

tctetgacte

cgagatttte

ttgagtcttyg

ataaaatcga

actcctgtga

gecatttggca

tagtgtgttt

gatattcgta

cgaggaataa

gtectttett

ctctatctcect

ttgtagagca

cgcctatgtt

caaaagatgt

acgtggagag

caacaaatgg

ccattggaac

caaatccctt

cagcgtteat

atcagctegyg

tctgtetgat

tgtttcagaa

catcaaccgt

ccecegacecayg

atcaagatgt

tttggagaat

gacgacgtcg

agggattgac

tgtaaatcaa

cgaccgtcaa

Met Val Arg Thr Pro Cys Cys Arg Ala Glu Gly Leu Lys Lys Gly Ala

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1406
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ued

152

Trp Thr Gln
Gly Glu Gly
35

Cys Gly Lys
50

Ile Lys Arg
65

Leu His Ala

Pro Arg Arg

Lys Lys Cys

115

Leu Leu Asp
130

Lys Ser Ser
145

Lys Leu Ser

Arg Phe Gly

Ser Asn Gly

195

Glu Gly Glu
210

Leu Pro Ile
225

Ser Thr Phe

Gly Asp Ile

Val Leu Ser

275

Asn Thr Ser
290

Ile Glu Thr
305

Val Asp Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Glu Glu Asp Gln Lys

20

Gly Trp Arg Thr Leu

40

Ser Cys Arg Leu Arg

55

Gly Glu Phe Ser Gln

70

Ile His Gly Asn Lys

Thr Asp Asn Glu Ile

100

Leu Val Lys Lys Gly

120

Gly Ala Gly Lys Ser

135

Val His Asp Asp Lys
150

Gly Ser Ser Ser Ala

165

His Arg Ile Asn His

180

Leu Leu Thr Ser His

200

Arg Ser Thr Ser Ser

215

Asn Arg Ser Ile Thr
230

Ser Asp Ser Pro Asp

245

Glu Asp Met Thr Arg

260

His Glu Asp Leu Leu

280

Phe Met Arg Glu Ile

295

Thr Ser Phe Asn Asp
310

Ser Cys Glu Gly Ile

325
D NO 19
H: 1384

DNA

<213> ORGANISM: Arabidopsis thal

<220> FEATU

RE:

<223> OTHER INFORMATION: G671

<400> SEQUENCE: 19

ttcacttgag

atggtgcgga

gaggaagatc

ctceecgaaa

tatcttagac

aacaaccccece

caccgtgttyg

agaagcttct

aagctggact

ctgacatcaa

tttgaactcg

caaagccgaa

ctcttacctt

caagagatgc

aagaggagag

Leu Ile Ala
25

Pro Asp Lys

Trp Ala Asn

Asp Glu Glu
75

Trp Ser Ala
90

Lys Asn His
105

Ile Asp Pro

Ser Asp His

Asp Asp Gln

155

Arg Phe Leu
170

Asn Val Leu
185

Thr Thr Pro

Ser Ser Thr

Val Asp Ala
235

Pro Cys Leu
250

Phe Ser Ser
265

Met Ser Val

Thr Met Ile

Ser Tyr Val
315

Asp Asn Tyr
330

iana

atcaagaaag
ctagggttaa
aaccgccacyg
ggcaaaagct

ttcactgaag

Tyr Val Gln
30

Ala Gly Leu
45

Tyr Leu Arg
60

Asp Ser Ile

Ile Ala Arg

Trp Asn Thr

110

Leu Thr His
125

Ser Ala His
140

Asn Ser Asn

Asn Arg Val

Ser Asp Ile
190

Thr Thr Ser
205

His Thr Ser
220

Thr Ser Leu

Tyr Glu Glu

Arg Cys Leu
270

Glu Ser Cys
285

Phe Gln Glu
300

Thr Pro Ile

Phe Gly

ctaagtttga
agaaaggagc
gtgaaggtgg
gcagactgag

acgaagaacg

Arg His

Lys Arg

Pro Asp

Ile Asn
80

Lys Ile
95

His Ile

Lys Ser

Pro Glu

Asn Lys
160

Ala Asn
175

Ile Gly

Val Ser

Ser Asn

Ser Ser
240

Ile Val
255

Ser His

Leu Glu

Asp Lys

Asn Glu
320

agaatcaaga
ttggactcce
atggcgaact
atgggccaat

ttcaatcatc

60

120

180

240

300
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-continued
tctettcacyg cccttcacgg caacaaatgg tcetgctatag ctegtggact accaggaaga 360
accgataacg agatcaagaa ctactggaac actcatatca aaaaacgttt gatcaagaaa 420
ggtattgatc cagttacaca caagggcata acctcecggta ccgacaaatc agaaaacctce 480
ccggagaaac aaaatgttaa tctgacaact agtgaccatg atcttgataa tgacaaggcg 540
aagaagaaca acaagaattt tggattatca tcggctagtt tcttgaacaa agtagctaat 600
aggttcggaa agagaatcaa tcagagtgtt ctgtctgaga ttatcggaag tggaggccca 660
cttgcttcta ctagtcacac tactaatact acaactacaa gtgtttcegt tgactctgaa 720
tcagttaagt caacgagttc ttccttegea ccaacctega atcttcetetyg ccatgggace 780
gttgcaacaa caccagtttc atcgaacttt gacgttgatg gtaacgttaa tctgacgtgt 840
tcttegteca cgttectcectga ttecteegtt aacaatccte taatgtactg cgataattte 900
gttggtaata acaacgttga tgatgaggat actatcgggt tctccacatt tctgaatgat 960
gaagatttca tgatgttgga ggagtcttgt gttgaaaaca ctgcgttcat gaaagaactt 1020
acgaggtttc ttcacgagga tgaaaacgac gtcgttgatg tgacgccggt ctatgaacgt 1080
caagacttgt ttgacgaaat tgataactat tttggatgag tgaaactcat aatcgatgaa 1140
tceccacgtga ccatgtcaat atgatgtcta tggatatgtt accttgatga tgttgatggt 1200
aataataata aataatagat ggtgatgatg accatgcatg aatcatgaat gtagttcgtg 1260
ttgtcacata tgcttgtgtt tttgtgtttt ttttttttgg tctgaagtgt gttgtttegt 1320
tgtaaatgga ttataaatgg tgatgtaata attataatgt taaaaaaaaa aaaaaaaaaa 1380
aaaa 1384

<210> SEQ ID NO 20
<211> LENGTH: 352

<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

PRT

RE:

<223> OTHER INFORMATION: G671 polypeptide

<400> SEQUENCE: 20

Met Val Arg
1

Ala Trp Thr

His Gly Glu
35

Arg Cys Gly
50

Asp Ile Lys
65

Ser Leu His

Leu Pro Gly

Ile Lys Lys

115

Gly Ile Thr
130

Asn Val Asn
145

Thr Pro Cys Cys Lys

Pro Glu Glu Asp Gln

20

Gly Gly Trp Arg Thr

40

Lys Ser Cys Arg Leu

Arg Gly Glu Phe Thr

70

Ala Leu His Gly Asn

85

Arg Thr Asp Asn Glu

100

Arg Leu Ile Lys Lys

120

Ser Gly Thr Asp Lys

135

Leu Thr Thr Ser Asp
150

Ala

Lys

25

Leu

Arg

Glu

Lys

Ile
105
Gly

Ser

His

Glu

10

Leu

Pro

Trp

Asp

Trp

90

Lys

Ile

Glu

Asp

Leu

Leu

Glu

Ala

Glu

75

Ser

Asn

Asp

Asn

Leu
155

Gly Leu Lys

Lys Gly
15

Ser Tyr Leu Asn Arg

30

Lys Ala Gly Leu Lys

45

Asn Tyr Leu Arg Pro

60

Glu Arg Ser

Ala Ile Ala

Ile Ile
80

Arg Gly
95

Tyr Trp Asn Thr His

110

Pro Val Thr

125

His Lys

Leu Pro Glu Lys Gln

140

Asp Asn Asp

Lys Ala
160
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156

Lys Lys Asn

Lys Val Ala

Glu Ile Ile

195

Asn Thr Thr
210

Thr Ser Ser
225

Val Ala Thr

Asn Leu Thr

Pro Leu Met

275

Glu Asp Thr
290

Met Leu Glu
305

Thr Arg Phe

Val Tyr Glu

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Asn Lys Asn Phe Gly

165

Asn Arg Phe Gly Lys

180

Gly Ser Gly Gly Pro

200

Thr Thr Ser Val Ser

215

Ser Phe Ala Pro Thr
230

Thr Pro Val Ser Ser

245

Cys Ser Ser Ser Thr

260

Tyr Cys Asp Asn Phe

280

Ile Gly Phe Ser Thr

295

Glu Ser Cys Val Glu
310

Leu His Glu Asp Glu

325

Arg Gln Asp Leu Phe

340

D NO 21
H: 727
DNA

RE:

<223> OTHER INFORMATION: G353

<400> SEQUENCE: 21

accaaactca

atcatcatca

acggcggcga

gatcaaaaac

ttaggaggtc

atgaagaagg

ggacaagctt

gegttggtta

agtgggaaga

aagttggage

atatttgttt

agatttagga

tagcaaa

<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

aaaaacacaa

tcagaagaaa

attgtttgat

gegttttcac

accgtgcgag

tgaaaacgtc

tgggaggaca

cacgegettt

gagtggcttg

ttggaagaac

ctctcattcet

aactttcata

D NO 22
H: 162
PRT

RE:

accacaagag

aatggttgeg

gettttatet

atgtaaaacg

tcacaagaag

gtcgecatect

catgaggaga

gttgccggag

tttggatcty

agtttattga

ttgaattttt

gagtgtaatc

Leu

Arg

185

Leu

Val

Ser

Asn

Phe

265

Val

Phe

Asn

Asn

Asp
345

thaliana

Ser

170

Ile

Ala

Asp

Asn

Phe

250

Ser

Gly

Leu

Thr

Asp

330

Glu

Ser

Asn

Ser

Ser

Leu

235

Asp

Asp

Asn

Asn

Ala

315

Val

Ile

gatcatttca

atatcggaga

agagttggac

tgtttgaage

cctaacaacyg

tgtcccatat

cacaggaacg

cccacggtga

agtctaggga

ttttatttat

cttaatattc

ttttetttet

<223> OTHER INFORMATION: G353 polypeptide

Ala Ser Phe
Gln Ser Val
190

Thr Ser His
205

Glu Ser Val
220

Leu Cys His

Val Asp Gly

Ser Ser Val

270

Asn Asn Val
285

Asp Glu Asp
300

Phe Met Lys

Val Asp Val

Asp Asn Tyr
350

ttttttattyg
tcaagtcgac
aagaaaacgt
agtttcattc
acgctttgte
gtggagtgga
agagtgggge
ctacgttgaa
tggtggacaa
tttccttaaa
tagattatac

gtaaaaatat

Leu Asn
175

Leu Ser

Thr Thr

Lys Ser

Gly Thr

240

Asn Val
255

Asn Asn

Asp Asp

Phe Met

Glu Leu

320

Thr Pro
335

Phe Gly

tttcgtttta
ggtggatgte
tgacggtgge
gttccaagee
gtctggattyg
gtttcegatg
tgctggtgge
gaaatctage
tttgaatctc
ttttctgaat
atacatccge

attttacttg

60

120

180

240

300

360

420

480

540

600

660

720

727
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-continued

<400> SEQUENCE: 22

Met Val Ala Ile Ser Glu Ile Lys Ser Thr Val Asp Val Thr Ala Ala
1 5 10 15

Asn Cys Leu Met Leu Leu Ser Arg Val Gly Gln Glu Asn Val Asp Gly
20 25 30

Gly Asp Gln Lys Arg Val Phe Thr Cys Lys Thr Cys Leu Lys Gln Phe
35 40 45

His Ser Phe Gln Ala Leu Gly Gly His Arg Ala Ser His Lys Lys Pro
50 55 60

Asn Asn Asp Ala Leu Ser Ser Gly Leu Met Lys Lys Val Lys Thr Ser
65 70 75 80

Ser His Pro Cys Pro Ile Cys Gly Val Glu Phe Pro Met Gly Gln Ala
85 90 95

Leu Gly Gly His Met Arg Arg His Arg Asn Glu Ser Gly Ala Ala Gly
100 105 110

Gly Ala Leu Val Thr Arg Ala Leu Leu Pro Glu Pro Thr Val Thr Thr
115 120 125

Leu Lys Lys Ser Ser Ser Gly Lys Arg Val Ala Cys Leu Asp Leu Ser
130 135 140

Leu Gly Met Val Asp Asn Leu Asn Leu Lys Leu Glu Leu Gly Arg Thr
145 150 155 160

Val Tyr

<210> SEQ ID NO 23

<211> LENGTH: 922

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G484

<400> SEQUENCE: 23

attatattce gtacaatccg atcgatttce cggegccaga tctcaccgeyg actcegtctac 60
tttccgattt ggttegtgtt gactcagtta cgattaaact atggatccaa tggatatagt 120
cggcaaatce aaggaagacg cttctcttec aaaagctacyg atgactaaaa ttataaagga 180
gatgttacca ccagatgttc gtgttgcaag agatgctcaa gatcttctca ttgaatgttg 240
tgtagagttt ataaatcttg tatcttcaga atctaatgat gtttgtaaca aagaggataa 300
acggacgatt gctcctgage atgttctcaa ggcattacag gttcettggtt ttggagaata 360
cattgaagaa gtctatgctg cgtatgagca acataagtat gaaacaatgc aggacacaca 420
gaggagcgtyg aaatggaacc ctggagctca aatgactgag gaggaagcag cagctgagea 480
acaacgtatg tttgcagaag cacgtgcaag aatgaatgga ggtgtttegg ttcctcaace 540
tgaacatcca gaaactgacc agagaagtcc gcaaagctaa ctgaaaccgt aagggtaagt 600
gttaggcaag aaaaaacaac atccttttaa cattcccttg taagttgcaa atgcgtatgt 660
tctectgttta tatgctctta gtatgatata tgttagttag tgtttcacga tctaaaaaca 720
cttgtgattc agatgtaatt agtaagcatt ccttgttttg tgtttacttt gtgtcttgac 780
taagcatggt gggtcaggtc tacacaaagc atctgatteg atgacttaca ggaatcttaa 840
tgtttgtaga ttggataaat ttggtgattg gtgtaattgt ttttccataa acacaatgca 900
atcattgttt agtgttgtta ac 922

<210> SEQ ID NO 24
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-continued

<211> LENGTH: 159

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G484 polypeptide

<400> SEQUENCE: 24

Met Asp Pro Met Asp Ile Val Gly Lys Ser Lys Glu Asp Ala Ser Leu
1 5 10 15

Pro Lys Ala Thr Met Thr Lys Ile Ile Lys Glu Met Leu Pro Pro Asp
20 25 30

Val Arg Val Ala Arg Asp Ala Gln Asp Leu Leu Ile Glu Cys Cys Val
35 40 45

Glu Phe Ile Asn Leu Val Ser Ser Glu Ser Asn Asp Val Cys Asn Lys
50 55 60

Glu Asp Lys Arg Thr Ile Ala Pro Glu His Val Leu Lys Ala Leu Gln
65 70 75 80

Val Leu Gly Phe Gly Glu Tyr Ile Glu Glu Val Tyr Ala Ala Tyr Glu

Gln His Lys Tyr Glu Thr Met Gln Asp Thr Gln Arg Ser Val Lys Trp
100 105 110

Asn Pro Gly Ala Gln Met Thr Glu Glu Glu Ala Ala Ala Glu Gln Gln
115 120 125

Arg Met Phe Ala Glu Ala Arg Ala Arg Met Asn Gly Gly Val Ser Val
130 135 140

Pro Gln Pro Glu His Pro Glu Thr Asp Gln Arg Ser Pro Gln Ser
145 150 155

<210> SEQ ID NO 25

<211> LENGTH: 786

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G674

<400> SEQUENCE: 25

atggtgttta aatcagaaaa atcaaaccgg gaaatgaaat caaaggagaa gcaaaggaag 60
ggattatggt cacccgagga agatgagaag cttaggagtc atgtcctcaa atatggccat 120
ggatgctgga gtactattce tcttcaaget ggattgcaga ggaatgggaa gagttgtaga 180
ttaaggtggg ttaattattt aagacctgga cttaagaagt ctttattcac taaacaagag 240
gaaactatac ttctttcact tcattccatg ttgggtaaca aatggtctca gatatcgaaa 300
ttcttaccag gaagaaccga caacgagatc aaaaactatt ggcattctaa tctaaagaag 360
ggtgtaactt tgaaacaaca tgaaaccaca aaaaaacatc aaacaccttt aatcacaaac 420
tcacttgagg ccttgcagag ttcaactgaa agatcttcett catctatcaa tgtcggagaa 480
acgtctaatg ctcaaacctc aagctttteg ccaaatcteg tgttectcegga atggttagat 540
catagtttgc ttatggatca gtcacctcaa aagtctagct atgttcaaaa tecttgtttta 600
ccggaagaga gaggattcat tggaccatgt ggecctegtt atttgggaaa cgactcetttg 660
cctgattteg tgccaaattc agaatttttg ttggatgatg agatatcatc tgagatcgag 720
ttetgtactt cattttcaga caactttttg ttecgatggte tcatcaacga gctacgacca 780
atgtaa 786

<210> SEQ ID NO 26
<211> LENGTH: 261
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-continued

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G674 polypeptide

<400> SEQUENCE: 26

Met Val Phe Lys Ser Glu Lys Ser Asn Arg Glu Met Lys Ser Lys Glu
1 5 10 15

Lys Gln Arg Lys Gly Leu Trp Ser Pro Glu Glu Asp Glu Lys Leu Arg
20 25 30

Ser His Val Leu Lys Tyr Gly His Gly Cys Trp Ser Thr Ile Pro Leu

Gln Ala Gly Leu Gln Arg Asn Gly Lys Ser Cys Arg Leu Arg Trp Val
50 55 60

Asn Tyr Leu Arg Pro Gly Leu Lys Lys Ser Leu Phe Thr Lys Gln Glu
65 70 75 80

Glu Thr Ile Leu Leu Ser Leu His Ser Met Leu Gly Asn Lys Trp Ser
85 90 95

Gln Ile Ser Lys Phe Leu Pro Gly Arg Thr Asp Asn Glu Ile Lys Asn
100 105 110

Tyr Trp His Ser Asn Leu Lys Lys Gly Val Thr Leu Lys Gln His Glu
115 120 125

Thr Thr Lys Lys His Gln Thr Pro Leu Ile Thr Asn Ser Leu Glu Ala
130 135 140

Leu Gln Ser Ser Thr Glu Arg Ser Ser Ser Ser Ile Asn Val Gly Glu
145 150 155 160

Thr Ser Asn Ala Gln Thr Ser Ser Phe Ser Pro Asn Leu Val Phe Ser
165 170 175

Glu Trp Leu Asp His Ser Leu Leu Met Asp Gln Ser Pro Gln Lys Ser
180 185 190

Ser Tyr Val Gln Asn Leu Val Leu Pro Glu Glu Arg Gly Phe Ile Gly
195 200 205

Pro Cys Gly Pro Arg Tyr Leu Gly Asn Asp Ser Leu Pro Asp Phe Val
210 215 220

Pro Asn Ser Glu Phe Leu Leu Asp Asp Glu Ile Ser Ser Glu Ile Glu
225 230 235 240

Phe Cys Thr Ser Phe Ser Asp Asn Phe Leu Phe Asp Gly Leu Ile Asn
245 250 255

Glu Leu Arg Pro Met
260

<210> SEQ ID NO 27

<211> LENGTH: 1304

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1052

<400> SEQUENCE: 27

tgatcatcta aaactttcaa tttctctett gatcctcact tgaatttttt gttgtttcte 60
tcaaatcttt gatcctttece tttgttttte atttgacctc ttacaaaaaa atctggtgtg 120
ccattaaatc tttattaatg gcacaacttc ctccgaaaat cccaaccatyg acgacgccaa 180
attggectga cttetectcee cagaaactcece cttecatage cgcaacggeyg gcagecgcag 240
caaccgcetgg acctcaacaa caaaaccctt catggatgga tgagtttcete gacttctcag 300

cgactegeeg tgggactcac cgtegtteta taagegacte cattgettte cttgaaccac 360
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cttectecegg cgteggaaac caccactteg ataggtttga cgacgagcaa ttcatgtcca 420
tgttcaacga cgacgtacac aacaataacc acaatcatca tcatcatcac agcatcaacg 480
gcaatgtggyg tcccacgcegt tcatcctcca acacctecac gecgtecgat cataatagec 540
ttagcgacga cgacaacaac aaagaagcac caccgtccga tcatgatcat cacatggaca 600
ataatgtagc caatcaaaac aacgccgecg gtaacaatta caacgaatca gacgaggtcce 660
aaagccagtg caagacggag ccacaagatg gtccgtcegge gaatcaaaac tccggtggaa 720
gcteceggtaa tegtattcac gaccctaaaa gggtaaaaag aattttagca aataggcaat 780
cagcacagag atcaagggtg aggaaattgc aatacatatc agagcttgaa aggagcgtta 840
cttcattgca gactgaagtg tcagtgttat cgccaagagt tgegtttttg gatcatcage 900
gattgcttet caacgtcgac aatagtgcta tcaagcaacg aatcgcaget ttagcacaag 960
ataagatttt caaagacgct catcaagaag cattgaagag agaaatagag agacttcgac 1020
aagtatatca tcaacaaagc ctcaagaaga tggagaataa tgtctccgat caatctccgg 1080
ccgatatcaa accgtccgtt gagaaggaac agctcctcaa tgtctaaage tgttcegttca 1140
ctaagatctt tcttttcatg gcgaaaagat tcttgactat aaaacctctt tgtgtcaaga 1200
aattaattta tcaaagaaga tggccttttt tatttgatct aatcacattt ttttaagttg 1260
tgatgaattt gecttttgatg tatctgtttt tttttttttt tttt 1304

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 28
H: 329
PRT

RE:

<223> OTHER INFORMATION: G1052 polypeptide

<400> SEQUENCE: 28

Met Ala Gln
1

Pro Asp Phe

Ala Ala Ala
35

Glu Phe Leu
50

Ile Ser Asp
65

Asn His His

Asn Asp Asp

Ile Asn Gly
115

Pro Ser Asp
130

Pro Pro Ser
145

Asn Asn Ala

Gln Cys Lys

Leu Pro Pro Lys Ile

Ser Ser Gln Lys Leu

20

Thr Ala Gly Pro Gln

40

Asp Phe Ser Ala Thr

55

Ser Ile Ala Phe Leu

70

Phe Asp Arg Phe Asp

Val His Asn Asn Asn

100

Asn Val Gly Pro Thr

120

His Asn Ser Leu Ser

135

Asp His Asp His His
150

Ala Gly Asn Asn Tyr

165

Thr Glu Pro Gln Asp

180

Pro

Pro

25

Gln

Arg

Glu

Asp

His

105

Arg

Asp

Met

Asn

Gly
185

Thr

10

Ser

Gln

Arg

Pro

Glu

90

Asn

Ser

Asp

Asp

Glu

170

Pro

Met

Ile

Asn

Gly

Pro

75

Gln

His

Ser

Asp

Asn
155

Ser

Ser

Thr Thr Pro

Ala Ala Thr

30

Pro Ser Trp

45

Thr His Arg

60

Asn Trp
15
Ala Ala

Met Asp

Arg Ser

Ser Ser Gly Val Gly

Phe Met Ser

His His His
110

Ser Asn Thr

125

Asn Asn Lys

140

Asn Val Ala

Asp Glu Val

80

Met Phe
95

His Ser

Ser Thr

Glu Ala

Asn Gln
160

Gln Ser
175

Ala Asn Gln Asn Ser

190
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166

Gly Gly Ser
195

Ile Leu Ala
210

Gln Tyr Ile
225

Val Ser Val

Leu Leu Asn

Ala Gln Asp

275

Glu Ile Glu
290

Met Glu Asn
305

Val Glu Lys

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Gly

Asn Arg

Ser Glu

Leu Ser

245

Val Asp
260

Lys Ile

Arg Leu

Asn Val

Glu Gln
325

D NO 29
H: 1161
DNA

Asn Arg Ile
200

Gln Ser Ala
215

Leu Glu Arg
230

Pro Arg Val

Asn Ser Ala

Phe Lys Asp

280

Arg Gln Val
295

Ser Asp Gln
310

Leu Leu Asn

His Asp Pro

Gln Arg Ser

Ser Val Thr

235

Ala Phe Leu
250

Ile Lys Gln
265

Ala His Gln

Tyr His Gln

Ser Pro Ala

315

Val

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G1328

<400> SEQUENCE: 29

aattcaatca ctatattttt ttaaaaacat

aaaaagatgg

actcctgagyg

agaactctte

accaactatc

attattcaac

ggaagaacag

aagatgggaa

attctcaget

atgaacatgt

atactcaaac

aacaacacgg

aatgaagaat

atgccaatga

aattttgtat

agcccgacte

gaggatgaaa

ggttttetec

cattgtattt

aataaaaaaa

<210> SEQ I

gacgatcacc atgttgtgag

aggatcaaaa gctcattgat

ccaagaatgce tgggttacaa

tccgaccaga tattaagegt

ttcacagcat catgggaaac

acaacgagat caaaaactat

tcgacceggt tacacacact

catctatcta caactctteg

cgaggctcat gatgagtgat

tcgcaaccte tetettttea

ttaaccaaac cgaagtaaac

tacaatcttyg gttcectate

agacgacggt ccaaaattca

tagaacctta ttactccgac

cgttaaactc aagttcctca

aagagagtta ttacagtgat

aattccaata aacaaaacgc

gttatataga ttttgttaca

aaaaaaaaaa a

D NO 30

ttgacttecat

aagaagaatg

tatatcaata

agatgtggta

ggaagattct

aagtggtctg

tggaacactc

ccacgtettyg

catcatcatc

ggtaatcatc

aaccaaaacc

caataccaaa

atggatcaat

ttgtcatacg

tttgctteag

acttacatca

aatatcacta

cattggaata

tatccaaaat

Lys Arg Val
205

Arg Val Arg
220

Ser Leu Gln

Asp His Gln

Arg Ile Ala

270

Glu Ala Leu
285

Gln Ser Leu
300

Asp Ile Lys

cgatcggtta
gtctcaagaa
tacatggtta
agagttgtcg
cttttgaaga
cgattgegge
acatcagaaa
atcttctega
atcatcatca
aaccattggt
accccaacaa
ccggttacaa
tcacgaattt
atgatgattg
tcttgaccac
atagtagcac
attattegtt
gagttatgta

ccaaaatact

Lys Arg

Lys Leu

Thr Glu

240

Arg Leu
255

Ala Leu

Lys Arg

Lys Lys

Pro Ser
320

acaattaatc
aggaccatgg
tggaaattgg
tctecggtygy
agaagaaacc
tegtttgect
aagacttcta
tatctectee
tcaacaacat
taaccccgag
cacacacgag
catgcetggt
ccaagaccte
ttcgaagtce
accttettca
ttgcagcacc
tgatgttaat
aacatgcaat

atagttttaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1161
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<211> LENGTH: 324

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1328 polypeptide

<400> SEQUENCE: 30

Met Gly Arg Ser Pro Cys Cys Glu Lys Lys Asn Gly Leu Lys Lys Gly
1 5 10 15

Pro Trp Thr Pro Glu Glu Asp Gln Lys Leu Ile Asp Tyr Ile Asn Ile
20 25 30

His Gly Tyr Gly Asn Trp Arg Thr Leu Pro Lys Asn Ala Gly Leu Gln
35 40 45

Arg Cys Gly Lys Ser Cys Arg Leu Arg Trp Thr Asn Tyr Leu Arg Pro
50 55 60

Asp Ile Lys Arg Gly Arg Phe Ser Phe Glu Glu Glu Glu Thr Ile Ile
65 70 75 80

Gln Leu His Ser Ile Met Gly Asn Lys Trp Ser Ala Ile Ala Ala Arg

Leu Pro Gly Arg Thr Asp Asn Glu Ile Lys Asn Tyr Trp Asn Thr His
100 105 110

Ile Arg Lys Arg Leu Leu Lys Met Gly Ile Asp Pro Val Thr His Thr
115 120 125

Pro Arg Leu Asp Leu Leu Asp Ile Ser Ser Ile Leu Ser Ser Ser Ile
130 135 140

Tyr Asn Ser Ser His His His His His His His Gln Gln His Met Asn
145 150 155 160

Met Ser Arg Leu Met Met Ser Asp Gly Asn His Gln Pro Leu Val Asn
165 170 175

Pro Glu Ile Leu Lys Leu Ala Thr Ser Leu Phe Ser Asn Gln Asn His
180 185 190

Pro Asn Asn Thr His Glu Asn Asn Thr Val Asn Gln Thr Glu Val Asn
195 200 205

Gln Tyr Gln Thr Gly Tyr Asn Met Pro Gly Asn Glu Glu Leu Gln Ser
210 215 220

Trp Phe Pro Ile Met Asp Gln Phe Thr Asn Phe Gln Asp Leu Met Pro
225 230 235 240

Met Lys Thr Thr Val Gln Asn Ser Leu Ser Tyr Asp Asp Asp Cys Ser
245 250 255

Lys Ser Asn Phe Val Leu Glu Pro Tyr Tyr Ser Asp Phe Ala Ser Val
260 265 270

Leu Thr Thr Pro Ser Ser Ser Pro Thr Pro Leu Asn Ser Ser Ser Ser
275 280 285

Thr Tyr Ile Asn Ser Ser Thr Cys Ser Thr Glu Asp Glu Lys Glu Ser
290 295 300

Tyr Tyr Ser Asp Asn Ile Thr Asn Tyr Ser Phe Asp Val Asn Gly Phe
305 310 315 320

Leu Gln Phe Gln

<210> SEQ ID NO 31

<211> LENGTH: 1155

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1930

<400> SEQUENCE: 31
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attcacatta ctaatctctc aagatttcac aattttcttyg tgattttete tcagtttett 60
atttecgttte ataacatgga tgccatgagt agecgtagacyg agagctctac aactacagat 120
tccattcegyg cgagaaagtc atcgtcteceg gegagtttac tatatagaat gggaagcgga 180
acaagcgtgg tacttgattc agagaacggt gtcgaagteg aagtcgaagce cgaatcaaga 240
aagcttcctt cttcaagatt caaaggtgtt gttcctcaac caaatggaag atggggagcet 300
cagatttacg agaaacatca acgcgtgtgg cttggtactt tcaacgagga agacgaagca 360
getegtgett acgacgtcege ggctcaccegt tteegtggece gegatgecgt tactaattte 420
aaagacacga cgttcgaaga agaggttgag ttcttaaacyg cgcattcgaa atcagagatce 480
gtagatatgt tgagaaaaca cacttacaaa gaagagttag accaaaggaa acgtaaccgt 540
gacggtaacyg gaaaagagac gacggcegttt getttggett cgatggtggt tatgacgggg 600
tttaaaacgg cggagttact gtttgagaaa acggtaacgce caagtgacgt cgggaaacta 660
aaccgtttag ttataccaaa acaccaagcg gagaaacatt ttcecgttacce gttaggtaat 720
aataacgtct ccgttaaagg tatgctgttg aatttcgaag acgttaacgyg gaaagtgtgg 780
aggttccegtt actcttattg gaatagtagt caaagttatg tgttgaccaa aggttggagt 840
agattcgtta aagagaagag actttgtgcet ggtgatttga tcagttttaa aagatccaac 900
gatcaagatc aaaaattctt tatcgggtgg aaatcgaaat ccgggttgga tctagagacg 960
ggtcgggtta tgagattgtt tggggttgat atttctttaa acgccgtegt tgtagtgaag 1020
gaaacaacgg aggtgttaat gtcgtcgtta aggtgtaaga agcaacgagt tttgtaataa 1080
caatttaaca acttgggaaa gaaaaaaaag ctttttgatt ttaatttctc ttcaacgtta 1140
atcttgctga gatta 1155

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 32
H: 333
PRT

RE:

<223> OTHER INFORMATION: G1930 polypeptide

<400> SEQUENCE: 32

Met Asp Ala
1

Ile Pro Ala

Gly Ser Gly

Glu Val Glu
50

Val Val Pro

His Gln Arg

Arg Ala Tyr

Thr Asn Phe
115

Ala His Ser
130

Lys Glu Glu

Met Ser Ser Val Asp

Arg Lys Ser Ser Ser

20

Thr Ser Val Val Leu

40

Ala Glu Ser Arg Lys

55

Gln Pro Asn Gly Arg

70

Val Trp Leu Gly Thr

85

Asp Val Ala Ala His

100

Lys Asp Thr Thr Phe

120

Lys Ser Glu Ile Val

135

Leu Asp Gln Arg Lys

Glu

Pro

25

Asp

Leu

Trp

Phe

Arg

105

Glu

Asp

Arg

Ser

10

Ala

Ser

Pro

Gly

Asn

90

Phe

Glu

Met

Asn

Ser

Ser

Glu

Ser

Ala

75

Glu

Arg

Glu

Leu

Arg

Thr Thr Thr

Leu Leu Tyr
30

Asn Gly Val

Ser Arg Phe
60

Gln Ile Tyr

Glu Asp Glu

Gly Arg Asp

110

Val Glu Phe
125

Arg Lys His
140

Asp Gly Asn

Asp Ser

15

Arg Met

Glu Val

Lys Gly

Glu Lys
80

Ala Ala

95

Ala Val

Leu Asn

Thr Tyr

Gly Lys
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172

145

Glu Thr Thr

Lys Thr Ala

Gly Lys Leu

195

Phe Pro Leu
210

Leu Asn Phe
225

Tyr Trp Asn

Phe Val Lys

Arg Ser Asn

275

Ser Gly Leu
290

Asp Ile Ser
305

Leu Met Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

150

Ala Phe Ala Leu Ala

165

Glu Leu Leu Phe Glu

180

Asn Arg Leu Val Ile

200

Pro Leu Gly Asn Asn

215

Glu Asp Val Asn Gly
230

Ser Ser Gln Ser Tyr

245

Glu Lys Arg Leu Cys

260

Asp Gln Asp Gln Lys

280

Asp Leu Glu Thr Gly

295

Leu Asn Ala Val Val
310

Ser Leu Arg Cys Lys

325

D NO 33
H: 2240
DNA

<213> ORGANISM: Arabidopsis thal

<220> FEATU

RE:

<223> OTHER INFORMATION: G214

<400> SEQUENCE: 33

tgagatttet

aatcacttct

gaattaaaaa

tctectaaagt

gagacaaatt

aagcaacgtg

tatggtagag

agaagtcacg

gctatgggte

aatccttatce

gatggaaaag

cgacaacaat

actcatcagt

gcaagcactt

agaaaggagt

cctecagactt

tctctatcac

ccatttecegt

tcttettett

tggaatcttt

ggaattttgt

cgtetggaga

aaaggtggac

catggcagaa

ctcagaaatt

aagcgctaga

ctcgaaagac

agtccettygg

caaagcctga

atctctetge

tcegegagtt

caaactcaga

atccgatgca

atcctectte

agcttetggt

cttctegatt

atcgaatcca

aaagagaaga

agatctggtt

tgaggaagaa

gattgaagaa

tttctecaag

catagctatt

gggaagtgga

atcagaaaaa

agagaaaact

tgcatcctee

cttgecttea

tttgaatgca

tatccetgtyg

agagccagat

155

Ser Met Val
170

Lys Thr Val
185

Pro Lys His

Asn Val Ser

Lys Val Trp

235

Val Leu Thr
250

Ala Gly Asp
265

Phe Phe Ile

Arg Val Met

Val Val Lys
315

Lys Gln Arg
330

iana

ctcttttcett
tettactgtt
agctgatttt
tctgaagttyg
attaagactc
cataatagat
catgtagcaa
gtagagaaag
cctectecac
acgatcctta
gtgtcgcatce
ctgcaggaag
atgaataaaa
cgggaagagg
aaatctctygg
ctagtgccat

agtcatccece

Val Met Thr
Thr Pro Ser
190

Gln Ala Glu
205

Val Lys Gly
220

Arg Phe Arg

Lys Gly Trp

Leu Ile Ser

270

Gly Trp Lys
285

Arg Leu Phe
300

Glu Thr Thr

Val Leu

tgtttcattyg
ttcttatcca
gtttctttca
tgtagaggag
ggaagccata
tcattgaage
caaaaactgce
aggctgaage
ggcctaageg
tgtcaaaaac
ctgagatgge
acaactgttce
gttgtataga
gaagtcagaa
aaaacggtaa
tggggagcete

acacagttge

160

Gly Phe
175

Asp Val

Lys His

Met Leu

Tyr Ser
240

Ser Arg
255

Phe Lys

Ser Lys

Gly Val

Glu Val
320

atcaaaagca
acgaaatctyg
ttgaatcatc
cttagtgatg
tacgataaca
tttgaggett
tgtccagata
taaaggtgta
taaaccaaac
gggtgtgaat
caatgaagat
agattgttte
gacatcaaac
taacagggta
tgagcaagga
aataacaagt

aggagattat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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cagtcgtttc ctaatcatat aatgtcaacc cttttacaaa caccggctcect ttatactgcece 1080
gcaacttteg cctcatcatt ttggcctecce gattctagtg gtggctcacce tgttceccaggyg 1140
aactcacctc cgaatctggce tgccatggcce gcagccactg ttgcagctge tagtgcettgg 1200
tgggctgcca atggattatt acctttatgt gctecctcetta gttcaggtgg tttcactagt 1260
catcctecat ctacttttgg accatcatgt gatgtagagt acacaaaagc aagcacttta 1320
caacatggtt ctgtgcagag ccgagagcaa gaacactccg aggcatcaaa ggctcgatct 1380
tcactggact cagaggatgt tgaaaataag agtaaaccag tttgtcatga gcagccttct 1440
gcaacacctyg agagtgatgce aaagggttca gatggagcag gagacagaaa acaagttgac 1500
cggtcctegt gtggctcaaa cactccgtceg agtagtgatg atgttgaggce ggatgcatca 1560
gaaaggcaag aggatggcac caatggtgag gtgaaagaaa cgaatgaaga cactaataaa 1620
cctcaaactt cagagtccaa tgcacgccgce agtagaatca gctccaatat aaccgatcca 1680
tggaagtctg tgtctgacga gggtcgaatt gccttccaag ctctecttcte cagagaggta 1740
ttgcecgcaaa gttttacata tcgagaagaa cacagagagg aagaacaaca acaacaagaa 1800
caaagatatc caatggcact tgatcttaac ttcacagctc agttaacacc agttgatgat 1860
caagaggaga agagaaacac aggatttctt ggaatcggat tagatgcttc aaagctaatg 1920
agtagaggaa gaacaggttt taaaccatac aaaagatgtt ccatggaagc caaagaaagt 1980
agaatcctca acaacaatcc tatcattcat gtggaacaga aagatcccaa acggatgcgg 2040
ttggaaactc aagcttccac atgagactct attttcatct gatctgttgt ttgtactctg 2100
tttttaagtt ttcaagacca ctgctacatt ttctttttet tttgaggcct ttgtatttgt 2160
ttecttgtee atagtcttec tgtaacattt gactctgtat tattcaacaa atcataaact 2220
gtttaatctt tttttttcca 2240

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 34
H: 608
PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G214 polypeptide

<400> SEQUENCE: 34

Met Glu Thr
1

Pro Tyr Thr
Asn Arg Phe
35

Ile Glu Glu
50

Ala Gln Lys
65

Val Ala Met

Lys Arg Lys

Ile Leu Met
115

Ser Glu Lys
130

Asn Ser Ser Gly Glu

5

Ile Thr Lys Gln Arg

20

Ile Glu Ala Leu Arg

His Val Ala Thr Lys

55

Phe Phe Ser Lys Val

70

Gly Gln Ala Leu Asp

85

Pro Asn Asn Pro Tyr

100

Ser Lys Thr Gly Val

120

Val Ser His Pro Glu

135

Asp Leu Val
10

Glu Arg Trp
25

Leu Tyr Gly

Thr Ala Val

Glu Lys Glu
75

Ile Ala Ile
90

Pro Arg Lys
105

Asn Asp Gly

Met Ala Asn

Ile Lys Thr
Thr Glu Glu
30

Arg Ala Trp
45

Gln Ile Arg
60

Ala Glu Ala

Pro Pro Pro

Thr Gly Ser

110

Lys Glu Ser
125

Glu Asp Arg
140

Arg Lys
15

Glu His

Gln Lys

Ser His

Lys Gly

80
Arg Pro
95
Gly Thr

Leu Gly

Gln Gln
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176

Ser

145

Phe

Ile

Glu

Leu

Tyr

225

Ser

Leu

Trp

Pro

305

Trp

Gly

Arg

Ser

385

Ser

Arg

Ser

Asn

Ser

465

Pro

Phe

Arg

Asp

Lys

545

Met

Lys

Thr

Glu

Glu

Asn

210

Pro

Ser

Ala

Gln

Pro

290

Asn

Trp

Gly

Glu

Glu

370

Glu

Ala

Lys

Asp

Gly

450

Glu

Trp

Ser

Glu

Leu
530

Arg

Ser

Pro

His

Thr

Gly

195

Ala

Met

Leu

Gly

Thr

275

Pro

Leu

Ala

Phe

Tyr

355

Gln

Asp

Thr

Gln

Asp

435

Glu

Ser

Lys

Arg

Glu
515
Asn

Asn

Arg

Glu

Gln

Ser

180

Ser

Lys

His

Ser

Asp

260

Pro

Asp

Ala

Ala

Thr

340

Thr

Glu

Val

Pro

Val

420

Val

Val

Asn

Ser

Glu

500

Glu

Phe

Thr

Gly

Glu

Tyr

165

Asn

Gln

Ser

Ile

His

245

Tyr

Ala

Ser

Ala

Asn

325

Ser

Lys

His

Glu

Glu

405

Asp

Glu

Lys

Ala

Val

485

Val

Gln

Thr

Gly

Arg

Lys

150

Leu

Ala

Asn

Leu

Pro

230

Pro

Gln

Leu

Ser

Met

310

Gly

His

Ala

Ser

Asn

390

Ser

Arg

Ala

Glu

Arg

470

Ser

Leu

Gln

Ala

Phe
550

Thr

Thr

Ser

Ser

Asn

Glu

215

Val

Pro

Ser

Tyr

Gly

295

Ala

Leu

Pro

Ser

Glu

375

Lys

Asp

Ser

Asp

Thr

455

Arg

Asp

Pro

Gln

Gln
535

Leu

Gly

Leu

Ala

Thr

Arg

200

Asn

Leu

Ser

Phe

Thr

280

Gly

Ala

Leu

Pro

Thr

360

Ala

Ser

Ala

Ser

Ala

440

Asn

Ser

Glu

Gln

Gln
520
Leu

Gly

Phe

Gln

Ala

Phe

185

Val

Gly

Val

Glu

Pro

265

Ala

Ser

Ala

Pro

Ser

345

Leu

Ser

Lys

Lys

Cys

425

Ser

Glu

Arg

Gly

Ser

505

Glu

Thr

Ile

Lys

Glu

Ser

170

Arg

Arg

Asn

Pro

Pro

250

Asn

Ala

Pro

Thr

Leu

330

Thr

Gln

Lys

Pro

Gly

410

Gly

Glu

Asp

Ile

Arg

490

Phe

Gln

Pro

Gly

Pro

Asp

155

Ser

Glu

Lys

Glu

Leu

235

Asp

His

Thr

Val

Val

315

Cys

Phe

His

Ala

Val

395

Ser

Ser

Arg

Thr

Ser

475

Ile

Thr

Arg

Val

Leu
555

Tyr

Asn

Met

Phe

Glu

Gln

220

Gly

Ser

Ile

Phe

Pro

300

Ala

Ala

Gly

Gly

Arg

380

Cys

Asp

Asn

Gln

Asn

460

Ser

Ala

Tyr

Tyr

Asp

540

Asp

Lys

Cys

Asn

Leu

Ser

205

Gly

Ser

His

Met

Ala

285

Gly

Ala

Pro

Pro

Ser

365

Ser

His

Gly

Thr

Glu

445

Lys

Asn

Phe

Arg

Pro
525
Asp

Ala

Arg

Ser

Lys

Pro

190

Asn

Pro

Ser

Pro

Ser

270

Ser

Asn

Ala

Leu

Ser

350

Val

Ser

Glu

Ala

Pro

430

Asp

Pro

Ile

Gln

Glu

510

Met

Gln

Ser

Cys

Asp

Ser

175

Ser

Ser

Gln

Ile

His

255

Thr

Ser

Ser

Ser

Ser

335

Cys

Gln

Leu

Gln

Gly

415

Ser

Gly

Gln

Thr

Ala

495

Glu

Ala

Glu

Lys

Ser

Cys

160

Cys

Arg

Asp

Thr

Thr

240

Thr

Leu

Phe

Pro

Ala

320

Ser

Asp

Ser

Asp

Pro

400

Asp

Ser

Thr

Thr

Asp

480

Leu

His

Leu

Glu

Leu
560

Met
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178

565

570

575

Glu Ala Lys Glu Ser Arg Ile Leu Asn Asn Asn Pro Ile Ile His Val

580

585

590

Glu Gln Lys Asp Pro Lys Arg Met Arg Leu Glu Thr Gln Ala Ser Thr

595

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 35
H: 1000
DNA

600

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2509

<400> SEQUE:
atatattccc
ccteaattee
aggtttaaag
aggcgatgaa
ctctgeccga
aaaccaaagc
tcctaaccca
aggggtaaga
agcacgggtyg
cgcagetett
agcaagtaac
ttactactca
taaccaatat
tggagaaacc
ttctggtgga
tggggattct
atttgggtca
<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

NCE: 35
tctttcatte
aaatcttaaa
attttagcaa
tcggatgaaa
tcccaatatg
agctctcatg
ceggetecte
caacgaccat
tggctcggga
aagttcaaag
actagtacaa
aatccgcaga
cttcatcaag
ggaggctcaa
tcttcaagge
tcacctecta
cttgttatga
D NO 36

H: 263

PRT

RE:

tcettetteg

ccctaaattt

agatggcgaa

agaaagaagc

acatgecgtge

ataataacca

caactcaaga

ggggaaagtg

catttgagac

gaagcaaagc

ctaccggtec

ctaatccgea

gggggaatag

tgtataatca

aacaagatga

attctggttt

ggggatcata

tcttttettt

acagacacaa

ttcaggaaat

cgatgatgat

catggtctca

acatcaacct

tcaagggcta

ggcagctgaa

tgctgaaget

caaactcaat

accaaactat

aaccatacct

taacgatgca

tcagacgtta

tgaacaagat

ttgagatcett

tgttttctaa

<223> OTHER INFORMATION: G2509 polypeptide

<400> SEQUENCE: 36

Met Ala Asn
1

Ser Asp Glu
Phe Ser Ala
35

Thr Gln Val
50

Gln Pro Val
65

Thr Gln Asp

Ser Gly Asn Tyr Gly

Lys Lys Glu Ala Asp

20

Arg Ser Gln Tyr Asp

40

Ile Gly Asn Gln Ser

55

Val Tyr Asn Gln Gln

70

Gln Gly Leu Leu Arg

85

Lys

Asp

25

Met

Ser

Asp

Lys

Arg

10

Asp

Arg

Ser

Pro

Arg
90

Pro

Glu

Ala

His

Asn

75

His

605

gtttctcata
tcgagatcac
tatggaaaga
gagaacatat
gecttgacte
gttgtgtata
ttgaggaaga
attcgggatce
geggetttag
ttcectgaga
tattcttcta
tattttaacc
ttaagttata
tctactacaa
tacgccagat

caataaactg

Phe Arg Gly

Asn Ile Phe
30

Met Val Ser
45

Asp Asn Asn
60

Pro Pro Ala

Tyr Arg Gly

ttcaagacat
ctgaaaaaag
ggcecttteg
tceectttett
aagtcattgg
atcaacaaga
ggcactatag
cgcaaaaggce
cttatgataa
gagctcaact
ataatcaaat
aatactacta
gettggeegyg
attcttcatc
atttgegttt

ataataaagg

Asp Glu
15

Pro Phe

Ala Leu

Gln His

Pro Pro

80

Val Arg
95

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1000
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179 180

-continued

Gln Arg Pro Trp Gly Lys Trp Ala Ala Glu Ile Arg Asp Pro Gln Lys
100 105 110

Ala Ala Arg Val Trp Leu Gly Thr Phe Glu Thr Ala Glu Ala Ala Ala
115 120 125

Leu Ala Tyr Asp Asn Ala Ala Leu Lys Phe Lys Gly Ser Lys Ala Lys
130 135 140

Leu Asn Phe Pro Glu Arg Ala Gln Leu Ala Ser Asn Thr Ser Thr Thr
145 150 155 160

Thr Gly Pro Pro Asn Tyr Tyr Ser Ser Asn Asn Gln Ile Tyr Tyr Ser
165 170 175

Asn Pro Gln Thr Asn Pro Gln Thr Ile Pro Tyr Phe Asn Gln Tyr Tyr
180 185 190

Tyr Asn Gln Tyr Leu His Gln Gly Gly Asn Ser Asn Asp Ala Leu Ser
195 200 205

Tyr Ser Leu Ala Gly Gly Glu Thr Gly Gly Ser Met Tyr Asn His Gln
210 215 220

Thr Leu Ser Thr Thr Asn Ser Ser Ser Ser Gly Gly Ser Ser Arg Gln
225 230 235 240

Gln Asp Asp Glu Gln Asp Tyr Ala Arg Tyr Leu Arg Phe Gly Asp Ser
245 250 255

Ser Pro Pro Asn Ser Gly Phe
260

<210> SEQ ID NO 37

<211> LENGTH: 1197

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2520

<400> SEQUENCE: 37

aaggagtttt gcatactcac caagccacaa tcatttctet cttectctate tctetggttt 60
tgaatcggeg acgactgagt caactcggtg ttgttactgg tttegtcegta tgtgttgtaa 120
ctgattaagt tgatggatcc gagtgggatg atgaacgaag gaggaccgtt taatctageg 180
gagatctgge agtttccegtt gaacggagtt tcaaccgcceg gagattcttce tagaagaagce 240
ttegttggac cgaatcagtt cggtgatget gatctaacca cagctgctaa cggtgatcca 300
gegegtatga gtcacgegtt gtctcaggeg gttattgaag gtatcteegg cgettggaaa 360
cggagggaag atgagtctaa gtcggcgaag atcgtctceca ccattggege tagtgaaggt 420
gagaacaaaa gacagaagat agatgaagtg tgtgatggga aagcagaagc agaatcgcta 480
ggaacagaga cggaacaaaa gaagcaacag atggaaccaa cgaaagatta tattcatgtt 540
cgagctagaa gaggtcaagc tactgatagt cacagtttag ctgaaagagc gagaagagag 600
aaaataagtg agcggatgaa aatcttgcaa gatcttgtte cgggatgtaa caaggttatt 660
ggaaaagcac ttgttctaga tgagataatt aactatatac aatcattgca acgtcaagtt 720
gagttcttat cgatgaagct tgaagcagtc aactcaagaa tgaaccctygg tatcgaggtt 780
tttccaccca aagaggtgat gattctcatg atcatcaact caatcttcte cattttttte 840
acaaaacaat acatgtttct atcgaggtat tctcggggta ggagtctega tgtttatgeg 900
gtteggtcat ttaagcattg caataaacgg agtgacctcet gtttttgete ctgctcccca 960

aaaacagaac ttaagacaac tatattttca caaaacatga catgtttctg tcgatattct 1020

cgagtaggag tcgctattag ttcatctaag cattgcaatg aaccgtttgg tcagcaagcg 1080
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-continued

182

tttgagaatc cggagataca gttegggteg cagtctacga gggaatacag tagaggagca

tcaccagagt ggttgcacat gcagatagga tcaggtggtt tcgaaagaac gtcttga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Glu

Ser

Thr

Gln

65

Glu

Glu

Ala

Pro

Asp

145

Arg

Gly

Gln

Arg

Leu

225

Met

Ser

Met

Ser

305

Glu

Ser

Asp

Ile

Arg

Thr

50

Ala

Ser

Asn

Glu

Thr

130

Ser

Met

Lys

Arg

Met

210

Met

Phe

Arg

Cys

Thr

290

Lys

Ile

Pro

Pro

Trp

Arg

35

Ala

Val

Lys

Lys

Ser

115

Lys

His

Lys

Ala

Gln

195

Asn

Ile

Leu

Ser

Ser

275

Cys

His

Gln

Glu

Ser

Gln

20

Ser

Ala

Ile

Ser

Arg

100

Leu

Asp

Ser

Ile

Leu

180

Val

Pro

Ile

Ser

Phe

260

Pro

Phe

Cys

Phe

Trp

SEQ ID NO 38
LENGTH:
TYPE :
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G2520 polypeptide

354

38

Gly Met Met

Phe Pro Leu

Phe Val Gly

Asn Gly Asp

Glu Gly Ile
70

Ala Lys Ile
85

Gln Lys Ile

Gly Thr Glu

Tyr Ile His

135

Leu Ala Glu
150

Leu Gln Asp
165

Val Leu Asp

Glu Phe Leu

Gly Ile Glu
215

Asn Ser Ile
230

Arg Tyr Ser
245

Lys His Cys

Lys Thr Glu

Cys Arg Tyr

295

Asn Glu Pro
310

Gly Ser Gln
325

Leu His Met

Asn

Asn

Pro

40

Pro

Ser

Val

Asp

Thr

120

Val

Arg

Leu

Glu

Ser

200

Val

Phe

Arg

Asn

Leu

280

Ser

Phe

Ser

Gln

Glu

Gly

25

Asn

Ala

Gly

Ser

Glu

105

Glu

Arg

Ala

Val

Ile

185

Met

Phe

Ser

Gly

Lys

265

Lys

Arg

Gly

Thr

Ile

Gly

10

Val

Gln

Arg

Ala

Thr

90

Val

Gln

Ala

Arg

Pro

170

Ile

Lys

Pro

Ile

Arg

250

Arg

Thr

Val

Gln

Arg
330

Gly

Gly

Ser

Phe

Met

Trp

75

Ile

Cys

Lys

Arg

Arg

155

Gly

Asn

Leu

Pro

Phe

235

Ser

Ser

Thr

Gly

Gln
315

Glu

Ser

Pro

Thr

Gly

Ser

Lys

Gly

Asp

Lys

Arg

140

Glu

Cys

Tyr

Glu

Lys

220

Phe

Leu

Asp

Ile

Val
300
Ala

Tyr

Gly

Phe

Ala

Asp

45

His

Arg

Ala

Gly

Gln

125

Gly

Lys

Asn

Ile

Ala

205

Glu

Thr

Asp

Leu

Phe

285

Ala

Phe

Ser

Gly

Asn

Gly

30

Ala

Ala

Arg

Ser

Lys

110

Gln

Gln

Ile

Lys

Gln

190

Val

Val

Lys

Val

Cys

270

Ser

Ile

Glu

Arg

Phe

Leu

15

Asp

Asp

Leu

Glu

Glu

95

Ala

Met

Ala

Ser

Val

175

Ser

Asn

Met

Gln

Tyr

255

Phe

Gln

Ser

Asn

Gly
335

Glu

Ala

Ser

Leu

Ser

Asp

80

Gly

Glu

Glu

Thr

Glu

160

Ile

Leu

Ser

Ile

Tyr

240

Ala

Cys

Asn

Ser

Pro
320

Ala

Arg
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183

-continued

184

Thr

340 345 350

Ser

<210> SEQ ID NO 39

<211> LENGTH: 896

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G259

<400> SEQUENCE: 39

gagatcttcet actacttgtt ttcttcaaga ataataattt tegttttata tatggaagat

getggtgaac atttacggtg taacgataac gttaacgacg aggagegttt gecattggag

tttatgatcg gaaactcaac atccacggeg gagctacage cgcectecace gttettggta

aagacataca aagtggtgga ggatccgacg acggacgggg ttatatcttg gaacgaatac

ggaactggtt tcgtegtgtg gcageeggca gaattcgeta gagatctgtt accaacactt

ttcaagcatt gcaacttcte tagettegtt cgecagetca atacttacgg ttttcegaaaa

gtaacgacga taagatggga atttagtaat gagatgtttc gaaaggggca aagagagctt

atgagcaata tccgaagaag gaagagccaa cattggtcac acaacaagtce taatcaccag

gttgtaccaa caacaacgat ggtgaatcaa gaaggtcatc aacggattgg gattgatcat

caccatgagg atcaacagtce ttcegecact tcatectett tegtatacac tgcattacte

gacgaaaaca aatgcttgaa gaatgaaaac gagttattaa gctgcgaact tgggaaaacc

aagaagaaat gcaagcagct tatggagttg gtggagagat acagaggaga agacgaagat

gcaactgatyg aaagtgatga tgaagaagat gaagggctta agttgttcegg agtaaaactt

gaatgaaact agattgctag attgatattc gtaatatacc agtttcttca tattcttaga

agttttgcat aactatatat agtactcttt taagacatgc aagatcagaa catatg

<210> SEQ ID NO 40

<211> LENGTH: 244

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G259 polypeptide

<400> SEQUENCE: 40

Met
1
Glu

Ala

Thr

65

Pro

Asn

Asn

Arg

Glu Asp Ala Gly Glu His Leu Arg Cys Asn Asp Asn Val Asn Asp
5 10 15

Glu Arg Leu Pro Leu Glu Phe Met Ile Gly Asn Ser Thr Ser Thr
20 25 30

Glu Leu Gln Pro Pro Pro Pro Phe Leu Val Lys Thr Tyr Lys Val
35 40 45

Glu Asp Pro Thr Thr Asp Gly Val Ile Ser Trp Asn Glu Tyr Gly
50 55 60

Gly Phe Val Val Trp Gln Pro Ala Glu Phe Ala Arg Asp Leu Leu
70 75 80

Thr Leu Phe Lys His Cys Asn Phe Ser Ser Phe Val Arg Gln Leu
85 90 95

Thr Tyr Gly Phe Arg Lys Val Thr Thr Ile Arg Trp Glu Phe Ser
100 105 110

Glu Met Phe Arg Lys Gly Gln Arg Glu Leu Met Ser Asn Ile Arg
115 120 125

Arg Lys Ser Gln His Trp Ser His Asn Lys Ser Asn His Gln Val

60

120

180

240

300

360

420

480

540

600

660

720

780

840

896
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185 186

-continued

130 135 140

Val Pro Thr Thr Thr Met Val Asn Gln Glu Gly His Gln Arg Ile Gly
145 150 155 160

Ile Asp His His His Glu Asp Gln Gln Ser Ser Ala Thr Ser Ser Ser
165 170 175

Phe Val Tyr Thr Ala Leu Leu Asp Glu Asn Lys Cys Leu Lys Asn Glu
180 185 190

Asn Glu Leu Leu Ser Cys Glu Leu Gly Lys Thr Lys Lys Lys Cys Lys
195 200 205

Gln Leu Met Glu Leu Val Glu Arg Tyr Arg Gly Glu Asp Glu Asp Ala
210 215 220

Thr Asp Glu Ser Asp Asp Glu Glu Asp Glu Gly Leu Lys Leu Phe Gly
225 230 235 240

Val Lys Leu Glu

<210> SEQ ID NO 41

<211> LENGTH: 588

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G490

<400> SEQUENCE: 41

atgaggaggc caaagtcatc tcacgtcagg atggaacctyg ttgcgccteg ttcacataac 60
acgatgccaa tgcttgatca atttcgatct aatcatcctyg aaacaagcaa gatcgagggg 120
gtetettegt tggacacage tctgaaggtg ttttggaata atcaaaggga gcagctagga 180
aactttgcag gccaaactca tttgccgeta tctagggtca gaaagatttt gaaatctgat 240
cctgaagtca agaagataag ctgtgatgtt cctgetttgt tttecgaaage ctgtgaatac 300
ttcattctag aggtaacatt acgagcttgg atgcatacte aatcatgcac tcgtgagacce 360
atccggegtt gtgatatcett ccaggecgta aagaactcag gaacttatga tttectgatt 420
gatcgtgtee cttttggace gcactgtgtc acccatcagg gtgtgcaacc tectgctgaa 480
atgattttge cggatatgaa tgttccaatc gatatggacc agattgagga ggagaatatg 540
atggaagagc gctctgtegg gtttgaccte aactgtgatce tccagtga 588

<210> SEQ ID NO 42

<211> LENGTH: 195

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G490 polypeptide

<400> SEQUENCE: 42

Met Arg Arg Pro Lys Ser Ser His Val Arg Met Glu Pro Val Ala Pro
1 5 10 15

Arg Ser His Asn Thr Met Pro Met Leu Asp Gln Phe Arg Ser Asn His
20 25 30

Pro Glu Thr Ser Lys Ile Glu Gly Val Ser Ser Leu Asp Thr Ala Leu
35 40 45

Lys Val Phe Trp Asn Asn Gln Arg Glu Gln Leu Gly Asn Phe Ala Gly
50 55 60

Gln Thr His Leu Pro Leu Ser Arg Val Arg Lys Ile Leu Lys Ser Asp
65 70 75 80

Pro Glu Val Lys Lys Ile Ser Cys Asp Val Pro Ala Leu Phe Ser Lys
85 90 95
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-continued

188

Ala Cys Glu
Thr Gln Ser
115

Ala Val Lys
130

Phe Gly Pro
145

Tyr Phe Ile Leu Glu

100

Cys Thr Arg Glu Thr

120

Asn Ser Gly Thr Tyr

135

His Cys Val Thr His
150

Met Ile Leu Pro Asp Met Asn Val

165

Glu Glu Asn Met Met Glu Glu Arg

Asp Leu Gln
195

<210> SEQ I
<211> LENGT.
<212> TYPE:

180

D NO 43
H: 606
DNA

Val Thr Leu
105

Ile Arg Arg

Asp Phe Leu

Gln Gly Val
155

Pro Ile Asp
170

Ser Val Gly
185

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G652

<400> SEQUE:
atgagcggag
tggtttgata
ttegttcace
gttgagttcyg
ccegacggty
ggttttggeg
tatggtggaa
tgcggtgaac
ggegggggty
agctgetaca
cgttga
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 43

gaggagacgt

cacagaaggg

agtcttecat

acgttgaggt

ctcecegttea

geggtggtgg

daggaagcgyg

caggtcacat

gtggaaggta

gectgtggaga

D NO 44
H: 201
PRT

gaacatgagt

gtttggttte

cagatctgaa

tgacaactcc

gggtaacagce

aagaggaggg

tggccgtgga

ggcgagagaa

cgggtctggc

gtctgggcac

ggtggagaca

atcacaccta

ggatttcgta

ggcegtecca

ggtggtggtyg

ggacgtggtyg

ggaggtggtyg

tgctctcaag

dgcggeggayg

tttgcaaggyg

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G652 polypeptide

<400> SEQUENCE: 44

Met Ser Gly Gly Gly Asp Val Asn

1

Gly Thr Val

Pro Ser Asp
35

Ser Glu Gly
50

Val Glu Val
65

5

Lys Trp Phe Asp Thr

20

Gly Gly Asp Asp Leu

40

Phe Arg Ser Leu Ala

55

Asp Asn Ser Gly Arg

70

Met Ser Gly
10

Gln Lys Gly
25

Phe Val His

Ala Glu Glu

Pro Lys Ala
75

Arg Ala Trp
110

Cys Asp Ile
125

Ile Asp Arg
140

Gln Pro Pro

Met Asp Gln

Phe Asp Leu
190

gacgcaaggg
gecgacggtgg
gectegeage
aggctattga
gttcatctgg
gaggaagcta
gtgataattc
gtggtggagyg
gaggaggtgg

attgcactag

Gly Asp Arg
Phe Gly Phe
30

Gln Ser Ser
45

Ser Val Glu
60

Ile Glu Val

Met His

Phe Gln

Val Pro

Ala Glu

160

Ile Glu
175

Asn Cys

aacggtgaag
tgacgatctce
tgaggaatct
agtgtctgga
tggacgcggt
cggaggaggt
ttgctttaag
atacagcgga

tggtggctta

cggtggtgct

Arg Lys

15

Ile Thr

Ile Arg

Phe Asp

Ser Gly
80

60

120

180

240

300

360

420

480

540

600

606
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-continued

190

Pro Asp Gly

Gly Gly Arg

Gly Gly Gly

115

Arg Gly Gly
130

Gly His Met
145

Gly Gly Gly

Gly Gly Gly

Arg Asp Cys
195

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Ala Pro Val Gln Gly

85

Gly Gly Phe Gly Gly

100

Ser Tyr Gly Gly Gly

120

Gly Gly Gly Asp Asn

135

Ala Arg Glu Cys Ser
150

Gly Gly Arg Tyr Gly

165

Leu Ser Cys Tyr Ser

180

Thr Ser Gly Gly Ala

D NO 45
H: 1707
DNA

RE:

200

<223> OTHER INFORMATION: G748

<400> SEQUENCE: 45

ccacgegtec

catagagaga

agctattaag

ggtggaggat

aactccagag

gaaacccgaa

cacgectgag

gattctaccyg

caacataaac

gactatgagg

ttaccgtcac

ggcaaacaca

catgacacct

gtttcacggyg

aagcggatcc

cggcagtgtt

ttgcatccca

ttaccegect

accgcatcaa

cggaaagcat

gaaggcceggg
aaagagctcg

tatgttcaaa

gecactctece

agaagacgga

ctttteggta

gacgaagaag

ttatcagata

accttggaca

gataatcagce

tgtccgagat

cagectegte

aatgttcctg

atcactattt

agggtcttga

gttatgaagce

ttagcggatc

tctgtgacca

gttgaagcac

ggtgttccat

ccagggtatce

tcctecatege

ccgagagatg

tgcgttectygyg

atatggacaa

gggtttgate

aaatctctct

acagaggctce

tgaaaatccc

atgactggag

agaacaacaa

aagaggaagc

agacgacacc

gcaaaagcat

atttctgcaa

tgggggcagg

ccgaggetet

gttttggtet

tacaagaaga

aacggcettgt

cctctaacaa

aaatgaacaa

ggccttacac

caatgcegtt

ctataagcca

aaggatcatc

tcccgaaaac

cattgggaat

ataagacaaa

Asn

Gly

105

Tyr

Ser

Gln

Ser

Cys

185

Arg

thaliana

Ser

90

Gly

Gly

Cys

Gly

Gly

170

Gly

Gly

Gly

Gly

Phe

Gly

155

Gly

Glu

tctttaacaa

caaaaaaatg

tttteegteg

cggcggagat

caactgtaac

gacatcaact

tgatggtaaa

ggagaccaag

ggcttgtcag

acgtcgtaag

tgaggctgceg

cgaagctcag

tcaaaaggtc

agctcgggta

tcactcagtyg

caacaacaac

gtggaatcca

ttacccttac

aaagtgttca

gaaaaaggac

gttgagaata

caagaacgag

gatgtataac

Gly Gly Gly
Arg Gly Gly
110

Arg Gly Ser
125

Lys Cys Gly
140

Gly Gly Tyr

Gly Gly Gly

Ser Gly His
190

caaaaaaaaa
atgatggaga
gtttttgaat
gacaaatcac
gacaacagtt
gatcagatag
accctaaaga
ttctgttatt
agatattgga
aacaaaagct
aggcttgace
cagcagcacg
tcaaacggty
gagaatggag
gatgaatcaa
aataacatga
gegatgecte
tggaccatce
aatacaaact
aatgagacag
gatgatccta
gegatgtgca

aacgacaaag

Ser Ser
95

Gly Arg

Gly Gly

Glu Pro

Ser Gly

160

Gly Gly
175

Phe Ala

atcacagaga
ctagagatcc
cggcagttac
cagagaaggt
ttaacaattc
agagtagtga
aaccgactaa
acaacaacta
ctgctggagg
catcttctca
cgggcttaca
ttgctgetee
ctaggaacag
atgattgcte
gagcacaaag
atggttatge
caccaggttt
caatgctacc
ctcegactet
agcgaaaaca
acgaagcagce
aagceggtgg

ctgagaactce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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192

-continued
ccetgttett tectgctaacce ctgctgectcet atcaagatca cacaatttcce atgaacagat 1440
ttagagttac atatgtatat gtatatatgt atgattgatt gtatgtatag atgatactgg 1500
agaatgatga gtttttgaga atcaaactct tttcecttcettt ctagtgattg cctttattce 1560
tttacatgtt ttggttctct gtacactatt tgatttacct tttttacttt ctttcttcat 1620
ttgtcaggaa atgttggaag ataacattaa tggtaaaaag ttggtgtgga ccgttgttgc 1680
gttggcattt caaaaaaaaa aaaaaaa 1707

<210> SEQ ID NO 46
<211> LENGTH: 448

<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

PRT

<220> FEATURE:
<223> OTHER INFORMATION: G748 polypeptide

<400> SEQUENCE: 46

Met Met Met Glu Thr Arg Asp Pro

1

Ile

Glu

Thr

Phe

65

Thr

Thr

Pro

Asn

Thr

145

Lys

Ala

Met

Ala

225

Asn

Glu

Cys

Pro

Glu

Pro

50

Asn

Asp

Pro

Arg

Ile

130

Ala

Asn

Leu

Leu

Thr

210

Arg

Glu

Asn

Ala

Ile
290

Phe

Asp

35

Glu

Asn

Gln

Asp

Cys

115

Asn

Gly

Lys

Glu

Ser

195

Pro

Asn

Asn

His

Gln
275

Pro

Pro

20

Asp

Leu

Ser

Ile

Gly

100

Lys

Gln

Gly

Ser

Ala

180

Phe

Val

Arg

Gly

Ser
260

Met

Gly

Ser

Trp

Ser

Lys

Glu

85

Lys

Ser

Pro

Thr

Ser

165

Ala

Gly

Met

Phe

Asp
245
Val

Asn

Val

Val

Ser

Asp

Pro

70

Ser

Thr

Met

Arg

Met

150

Ser

Arg

Leu

Lys

His

230

Asp

Asp

Asn

Pro

Phe

Gly

Lys

55

Glu

Ser

Leu

Glu

His

135

Arg

Ser

Leu

Glu

Leu

215

Gly

Cys

Glu

Asn

Trp
295

Glu

Gly

40

Asn

Thr

Asp

Lys

Thr

120

Phe

Asn

His

Asp

Ala

200

Gln

Leu

Ser

Ser

Asn
280

Pro

Ala

Ser

25

Asp

Asn

Leu

Thr

Lys

105

Lys

Cys

Val

Tyr

Pro

185

Gln

Glu

Ala

Ser

Arg
265

Asn

Tyr

Ile

Ala

Asp

Asn

Asp

Pro

90

Pro

Phe

Lys

Pro

Arg

170

Gly

Gln

Asp

Asp

Gly

250

Ala

Asn

Thr

Lys

Val

Lys

Asn

Lys

75

Glu

Thr

Cys

Ala

Val

155

His

Leu

Gln

Gln

Gln

235

Ser

Gln

Asn

Trp

Leu Phe Gly

Met Lys

Thr

Ser

Cys

60

Glu

Asp

Lys

Tyr

Cys

140

Gly

Ile

Gln

His

Lys

220

Arg

Ser

Ser

Met

Asn
300

Val

Pro

45

Asn

Glu

Asn

Ile

Tyr

125

Gln

Ala

Thr

Ala

Val

205

Val

Leu

Val

Gly

Asn
285

Pro

Glu

30

Glu

Asp

Ala

Gln

Leu

110

Asn

Arg

Gly

Ile

Asn

190

Ala

Ser

Val

Thr

Ser
270

Gly

Ala

15

Asp

Lys

Asn

Thr

Gln

95

Pro

Asn

Tyr

Arg

Ser

175

Thr

Ala

Asn

Ala

Thr

255

Val

Tyr

Met

Asp

Val

Ser

Ser

80

Thr

Cys

Tyr

Trp

Arg

160

Glu

Arg

Pro

Gly

Arg

240

Ser

Val

Ala

Pro
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193 194

-continued

Pro Pro Gly Phe Tyr Pro Pro Pro Gly Tyr Pro Met Pro Phe Tyr Pro
305 310 315 320

Tyr Trp Thr Ile Pro Met Leu Pro Pro His Gln Ser Ser Ser Pro Ile
325 330 335

Ser Gln Lys Cys Ser Asn Thr Asn Ser Pro Thr Leu Gly Lys His Pro
340 345 350

Arg Asp Glu Gly Ser Ser Lys Lys Asp Asn Glu Thr Glu Arg Lys Gln
355 360 365

Lys Ala Gly Cys Val Leu Val Pro Lys Thr Leu Arg Ile Asp Asp Pro
370 375 380

Asn Glu Ala Ala Lys Ser Ser Ile Trp Thr Thr Leu Gly Ile Lys Asn
385 390 395 400

Glu Ala Met Cys Lys Ala Gly Gly Met Phe Lys Gly Phe Asp His Lys
405 410 415

Thr Lys Met Tyr Asn Asn Asp Lys Ala Glu Asn Ser Pro Val Leu Ser
420 425 430

Ala Asn Pro Ala Ala Leu Ser Arg Ser His Asn Phe His Glu Gln Ile
435 440 445

<210> SEQ ID NO 47

<211> LENGTH: 1195

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G883

<400> SEQUENCE: 47

ctctetegte ttegtettet tettettecaa cgttectete caaaatccte agaccaagaa 60
atcatcatgg ccgtcgatct aatgegttte cctaagatag atgatcaaac ggctattcag 120
gaagctgcat cgcaaggttt acaaagtatg gaacatctga tcecgtgtect ctetaaccegt 180
cccgaacaac aacacaacgt tgactgetcee gagatcactg acttcacegt ttctaaatte 240
aaaaccgtca tttctetect taaccgtact ggtcacgete ggttcagacg cggaccggtt 300
cactccactt cctetgecge atctcagaaa ctacagagtce agatcgttaa aaatactcaa 360
cctgaggete cgatagtgag aacaactacg aatcacccte aaatcgttcee tccaccgtet 420
agtgtaacac tcgatttcte taaaccaage atctteggea ccaaagctaa gagegcecgag 480
ctggaattct ccaaagaaaa cttcagtgtt tctttaaact cctecattcat gtegteggeg 540
ataaccggag acggcagegt ctccaatgga aaaatcttec ttgettetge tcegtegeag 600
cctgttaact cttceggaaa accaccgttg getggtecate cttacagaaa gagatgtcete 660
gagcatgagce actcagagag tttctecgga aaagtctceg getccgecta cggaaagtge 720
cattgcaaga aaaggaaaaa tcggatgaag agaaccgtga gagtaccgge gataagtgca 780
aagatcgeceg atattccace ggacgaatat tcgtggagga agtacggaca aaaaccgatce 840
aagggctcac cacacccacg tggttactac aagtgcagta cattcagagg atgtccageg 900
aggaaacacg tggaacgagc attagatgat ccagegatge ttattgtgac atacgaagga 960

gagcaccgtc ataaccaatc cgcgatgcag gagaatattt cttcttcagg cattaatgat 1020

ttagtgtttg cctcecggcttyg actttttttt gtactatttg ttttttgatt ttttgagtac 1080
gtg g 99 g g g g gag

tttagatgga ttgaaatttg taaatttttt tattaagaaa tcaatttaaa tagagaaaaa 1140

ttagtggtgg tgcaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa 1195



US 9,447,425 B2
195 196

-continued

<210> SEQ ID NO 48

<211> LENGTH: 324

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G883 polypeptide

<400> SEQUENCE: 48

Met Ala Val Asp Leu Met Arg Phe Pro Lys Ile Asp Asp Gln Thr Ala
1 5 10 15

Ile Gln Glu Ala Ala Ser Gln Gly Leu Gln Ser Met Glu His Leu Ile

Arg Val Leu Ser Asn Arg Pro Glu Gln Gln His Asn Val Asp Cys Ser
35 40 45

Glu Ile Thr Asp Phe Thr Val Ser Lys Phe Lys Thr Val Ile Ser Leu
50 55 60

Leu Asn Arg Thr Gly His Ala Arg Phe Arg Arg Gly Pro Val His Ser
65 70 75 80

Thr Ser Ser Ala Ala Ser Gln Lys Leu Gln Ser Gln Ile Val Lys Asn
85 90 95

Thr Gln Pro Glu Ala Pro Ile Val Arg Thr Thr Thr Asn His Pro Gln
100 105 110

Ile Val Pro Pro Pro Ser Ser Val Thr Leu Asp Phe Ser Lys Pro Ser
115 120 125

Ile Phe Gly Thr Lys Ala Lys Ser Ala Glu Leu Glu Phe Ser Lys Glu
130 135 140

Asn Phe Ser Val Ser Leu Asn Ser Ser Phe Met Ser Ser Ala Ile Thr
145 150 155 160

Gly Asp Gly Ser Val Ser Asn Gly Lys Ile Phe Leu Ala Ser Ala Pro
165 170 175

Ser Gln Pro Val Asn Ser Ser Gly Lys Pro Pro Leu Ala Gly His Pro
180 185 190

Tyr Arg Lys Arg Cys Leu Glu His Glu His Ser Glu Ser Phe Ser Gly
195 200 205

Lys Val Ser Gly Ser Ala Tyr Gly Lys Cys His Cys Lys Lys Arg Lys
210 215 220

Asn Arg Met Lys Arg Thr Val Arg Val Pro Ala Ile Ser Ala Lys Ile
225 230 235 240

Ala Asp Ile Pro Pro Asp Glu Tyr Ser Trp Arg Lys Tyr Gly Gln Lys
245 250 255

Pro Ile Lys Gly Ser Pro His Pro Arg Gly Tyr Tyr Lys Cys Ser Thr
260 265 270

Phe Arg Gly Cys Pro Ala Arg Lys His Val Glu Arg Ala Leu Asp Asp
275 280 285

Pro Ala Met Leu Ile Val Thr Tyr Glu Gly Glu His Arg His Asn Gln
290 295 300

Ser Ala Met Gln Glu Asn Ile Ser Ser Ser Gly Ile Asn Asp Leu Val
305 310 315 320

Phe Ala Ser Ala

<210> SEQ ID NO 49

<211> LENGTH: 1650

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G20



US 9,447,425 B2
197 198

-continued
<400> SEQUENCE: 49
ctctcactet ctttttetet ctetttactt ctactgtatce aagaagctcce gttttgetta 60
gccatagtge gtctagggtt tggttggtgg gaagaaggtt ccgatcatgg cgtcggtgtce 120

gtcgteggat caaggaccta agacagaagce aggatgtage ggcggaggag gaggagagag 180

ctcggagaca gtggceggcega gtgatcagat gttgttgtat agaggtttta agaaggcgaa 240
gaaggagaga ggttgtacag ctaaggagcg tattagtaaa atgcctcegt geactgetgg 300
gaaaaggagt tccatatacc ggggagtcac cagacataga tggacaggtc gttatgaagce 360
tcacctttgg gataagagta cctggaacca aaaccagaac aagaagggaa aacaagttta 420
tctaggagca tatgatgatg aagaggctge tgctagaget tacgaccttg ctgccttaaa 480
atattggggt cctgggacac ttataaattt tceggtgact gattatacca gggatttaga 540
agaaatgcaa aatctctcaa gggaagaata ccttgcatet ttacgtagat atccctttgg 600
cagaaaaagc agcggtttet ctaggggaat agecgaaatat cgtggactte aaagccgatg 660
ggacgcatca gccagtcegta tgcctggace tgaatactte agtaacattc attacgggge 720
aggtgatgat cgtggaacag aaggtgactt tctaggtage ttttgtctgg aaagaaagat 780
tgatctaaca ggatacataa agtggtgggg agccaacaag aaccgtcaac cagaatctte 840
atcaaaagca tcagaggatg caaacgtcga agatgctggt actgagctta aaacactgga 900
acacacatcc catgcaacag aaccatacaa ggegecaaac cttggegtcee tttgtggaac 960

tcagagaaaa gaaaaagaaa tatcatcacc atcaagctct tctgctttaa gcatcttgte 1020
tcagtcgect gecttcaaga gectagagga gaaagtgttg aagatccaag aaagctgcaa 1080
taatgaaaac gatgagaatg caaaccgtaa catcatcaat atggagaaga ataacggcaa 1140
ggcaatagag aaaccagttg tgagtcatgg agttgcttta ggcggtgcectg ctgcectttgte 1200
tcttcagaaa agcatgtacc cacttacctce tctcecttaacg gcectccattge tcaccaacta 1260
caatacattg gatcctcttg cagaccctat tctectggaca ccatttctte cttcaggatce 1320
ctctecttact tcagaggtga caaagacaga gaccagctgt tccacgtaca gctacctcce 1380
acaagagaaa tgagccgttc cctttagact ttatgtatgt cagattctcecce ttttttgaga 1440
tgaattcgtc gacttgacat ctctttgtct cttttatgga gaaaaagttg ggaaaagtgt 1500
gacaatggtc tgaagcagga atgtacaggt tttgttagtg gttgtgtttt ttttttteca 1560
gtgtggaata tagaatcatg atattttgtg taaaacagaa aaaagttatc attatagtat 1620
agaagtttgc tcttaaaaaa aaaaaaaaaa 1650
<210> SEQ ID NO 50

<211> LENGTH: 428

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G20 polypeptide

<400> SEQUENCE: 50

Met Ala Ser Val Ser Ser Ser Asp Gln Gly Pro Lys Thr Glu Ala Gly
1 5 10 15

Cys Ser Gly Gly Gly Gly Gly Glu Ser Ser Glu Thr Val Ala Ala Ser
20 25 30

Asp Gln Met Leu Leu Tyr Arg Gly Phe Lys Lys Ala Lys Lys Glu Arg
35 40 45

Gly Cys Thr Ala Lys Glu Arg Ile Ser Lys Met Pro Pro Cys Thr Ala
50 55 60



US 9,447,425 B2

199

-continued

200

Gly

Gly

Gln

Glu

Pro

Glu

145

Arg

Lys

Pro

Arg

Ile

225

Gln

Ala

Pro

Glu

Ser

305

Gln

Ile

Ser

Ser

Tyr

385

Leu

Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Lys

Arg

Asn

Ala

Gly

130

Glu

Tyr

Tyr

Gly

Gly

210

Asp

Pro

Gly

Tyr

Lys

290

Gln

Glu

Asn

His

Met

370

Asn

Pro

Cys

Arg

Tyr

Lys

Ala

115

Thr

Met

Pro

Arg

Pro

195

Thr

Leu

Glu

Thr

Lys

275

Glu

Ser

Ser

Met

Gly

355

Tyr

Thr

Ser

Ser

Ser

Glu

Lys

100

Ala

Leu

Gln

Phe

Gly

180

Glu

Glu

Thr

Ser

Glu

260

Ala

Ile

Pro

Cys

Glu

340

Val

Pro

Leu

Gly

Thr
420

SEQUENCE :

Ser

Ala

85

Gly

Arg

Ile

Asn

Gly

165

Leu

Tyr

Gly

Gly

Ser

245

Leu

Pro

Ser

Ala

Asn

325

Lys

Ala

Leu

Asp

Ser
405

Tyr

SEQ ID NO 51
LENGTH:
TYPE: DNA
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G974

1430

51

Ile

His

Lys

Ala

Asn

Leu

150

Arg

Gln

Phe

Asp

Tyr

230

Ser

Lys

Asn

Ser

Phe

310

Asn

Asn

Leu

Thr

Pro

390

Ser

Ser

Tyr Arg Gly Val Thr Arg His Arg Trp
75

Leu Trp Asp Lys Ser Thr Trp Asn Gln
90 95

Gln Val Tyr Leu Gly Ala Tyr Asp Asp
105 110

Tyr Asp Leu Ala Ala Leu Lys Tyr Trp
120 125

Phe Pro Val Thr Asp Tyr Thr Arg Asp
135 140

Ser Arg Glu Glu Tyr Leu Ala Ser Leu
155

Lys Ser Ser Gly Phe Ser Arg Gly Ile
170 175

Ser Arg Trp Asp Ala Ser Ala Ser Arg
185 190

Ser Asn Ile His Tyr Gly Ala Gly Asp
200 205

Phe Leu Gly Ser Phe Cys Leu Glu Arg
215 220

Ile Lys Trp Trp Gly Ala Asn Lys Asn
235

Lys Ala Ser Glu Asp Ala Asn Val Glu
250 255

Thr Leu Glu His Thr Ser His Ala Thr
265 270

Leu Gly Val Leu Cys Gly Thr Gln Arg
280 285

Pro Ser Ser Ser Ser Ala Leu Ser Ile
295 300

Lys Ser Leu Glu Glu Lys Val Leu Lys
315

Glu Asn Asp Glu Asn Ala Asn Arg Asn
330 335

Asn Gly Lys Ala Ile Glu Lys Pro Val
345 350

Gly Gly Ala Ala Ala Leu Ser Leu Gln
360 365

Ser Leu Leu Thr Ala Pro Leu Leu Thr
375 380

Leu Ala Asp Pro Ile Leu Trp Thr Pro
395

Leu Thr Ser Glu Val Thr Lys Thr Glu
410 415

Tyr Leu Pro Gln Glu Lys
425

Thr

80

Asn

Glu

Gly

Leu

Arg

160

Ala

Met

Asp

Lys

Arg

240

Asp

Glu

Lys

Leu

Ile

320

Ile

Val

Lys

Asn

Phe

400

Thr
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202

-continued
aaaaaaaaag ttgatatact ttctggtttt ctecttaact tttattcttt acaaatccat 60
cceccttaga tetgtttatt teccgctact ttgattcatt tcectgttagta atctgtettt 120
cgtatagaag aaaactgatt tcecttggtttg tattttctta aagagatcaa tettttttta 180
tttttgatct tecttgtgttt ttttttettt gtagaattaa tcgtttgtga gggtattttt 240
ttaattccct cctctcagaa atctacacag aggtttttta ttttataaac ctcttttteg 300
attttcttga aaacaaaaaa tcctgttett tacttttttt acaagaacaa gggaaaaaaa 360
tttcttttta ttagaaatga caacttctat ggatttttac agtaacaaaa cgtttcaaca 420
atctgatcca ttcggtggtyg aattaatgga agegetttta ccttttatca aaagecctte 480
caacgattca tccgegtttg cgttctetet acccgcteca atttcatacyg ggtcggatct 540
ccactcattt tctcaccatc ttagtcctaa accggtctca atgaaacaaa ccggtactte 600
cgeggetaaa ccgacgaage tatacagagg agtgagacaa cgtcactggyg gaaaatgggt 660
ggctgagatt cgtttaccga ggaatcgaac tcgactttgg cteggaacat tcgacacgge 720
ggaggaagct gctttagett atgacaaggc ggcgtataag ctecgaggag attttgcegeg 780
gcttaattte cctgatctee gtcataacga cgagtatcaa cctcttcaat catcagtcega 840
cgctaagett gaagctattt gtcaaaactt agetgagacyg acgcagaaac aggtgagatce 900
aacgaagaag tcttcttectce ggaaacgtte atcaaccgte gcagtgaaac taccggagga 960
ggactactct agcgccggat cttegecceget gttaacggag agttatggat ctggtggatce 1020
ttettegeeg ttgtecggage tgacgtttgg tgatacggag gaggagattce agccgcecgtg 1080
gaacgagaac gcgttggaga agtatccgtc gtacgagatc gattgggatt cgattcttca 1140
gtgttcgagt cttgtaaatt agatgttgcc ataggggtat tttagggact ttagagctct 1200
ctgcgatgga gtttttggtc attgcagaga ttttattatt attaaggggg tttgttatgt 1260
taatatcaaa taagtttatc tactttgatg ttaattagtg ttaatctctg cgtcggtcca 1320
agctgttttt ttttggcatg cttcgaccgt gtgagatttc ttatgtaatt tttgtagttce 1380
cttgattttc ttagttcaag ttaaattggc acaaaaaaaa aaaaaaaaaa 1430

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 52
H: 261
PRT

RE:

<223> OTHER INFORMATION: G974 polypeptide

<400> SEQUE:

Met Thr Thr
1

Asp Pro Phe

Ser Pro Ser
35

Ile Ser Tyr
50

Lys Pro Val
65

Lys Leu Tyr

Glu Ile Arg

NCE: 52

Ser Met Asp Phe Tyr

Gly Gly Glu Leu Met

20

Asn Asp Ser Ser Ala

40

Gly Ser Asp Leu His

55

Ser Met Lys Gln Thr

70

Arg Gly Val Arg Gln

85

Leu Pro Arg Asn Arg

100

Ser

Glu

25

Phe

Ser

Gly

Arg

Thr
105

Asn

10

Ala

Ala

Phe

Thr

His

90

Arg

Lys

Leu

Phe

Ser

Ser

75

Trp

Leu

Thr Phe Gln

Leu Pro Phe
30

Ser Leu Pro
45

His His Leu
60

Ala Ala Lys

Gly Lys Trp

Trp Leu Gly
110

Gln Ser
15

Ile Lys

Ala Pro

Ser Pro

Pro Thr
80

Val Ala
95

Thr Phe



US 9,447,425 B2
203 204

-continued

Asp Thr Ala Glu Glu Ala Ala Leu Ala Tyr Asp Lys Ala Ala Tyr Lys
115 120 125

Leu Arg Gly Asp Phe Ala Arg Leu Asn Phe Pro Asp Leu Arg His Asn
130 135 140

Asp Glu Tyr Gln Pro Leu Gln Ser Ser Val Asp Ala Lys Leu Glu Ala
145 150 155 160

Ile Cys Gln Asn Leu Ala Glu Thr Thr Gln Lys Gln Val Arg Ser Thr
165 170 175

Lys Lys Ser Ser Ser Arg Lys Arg Ser Ser Thr Val Ala Val Lys Leu
180 185 190

Pro Glu Glu Asp Tyr Ser Ser Ala Gly Ser Ser Pro Leu Leu Thr Glu
195 200 205

Ser Tyr Gly Ser Gly Gly Ser Ser Ser Pro Leu Ser Glu Leu Thr Phe
210 215 220

Gly Asp Thr Glu Glu Glu Ile Gln Pro Pro Trp Asn Glu Asn Ala Leu
225 230 235 240

Glu Lys Tyr Pro Ser Tyr Glu Ile Asp Trp Asp Ser Ile Leu Gln Cys
245 250 255

Ser Ser Leu Val Asn
260

<210> SEQ ID NO 53

<211> LENGTH: 1113

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2343

<400> SEQUENCE: 53

atgggtcatc actcatgetg caaccagcaa aaggtgaaga gagggetttg gtcaccggaa 60
gaagatgaga agcttattag atatatcaca actcatggct atggatgttg gagtgaagtc 120
cctgaaaaag cagggcttca aagatgtgga aaaagttgta gattgegatg gataaactat 180
cttegacctyg atatcaggag aggaaggtte tctccagaag aagagaaatt gatcataage 240
cttcatggag ttgtgggaaa caggtgggcet catatagcta gtcatttace gggaagaaca 300
gataacgaga ttaaaaacta ttggaattca tggattaaga aaaagatacg aaaaccgcac 360
catcattaca gtcgtcatca accgtcagta actactgtga cattgaatge ggacactaca 420
tcgattgeca ctaccatcga ggectctace accacaacat cgactatcga taacttacat 480
tttgacggtt tcactgatte tcctaaccaa ttaaatttca ccaatgatca agaaactaat 540
ataaagattc aagaaacttt tttctcccat aaacctecte tettcatggt agacacaaca 600
cttectatce tagaaggaat gttctcetgaa aacatcatca caaacaataa caagaacaat 660
gatcatgatg acacgcaaag aggaggaaga gaaaatgttt gtgaacaagc atttctaaca 720
actaacacgg aagaatggga tatgaatctt cgtcagcaag agcegtttca agttcctaca 780
ctggegtcac atgtgttcaa caactcttee aattcaaata ttgacacggt tataagttat 840
aatctaccgyg cgctaataga gggaaatgte gataacateg tccataatga aaacagcaat 900
gtccaagatyg gagaaatggce gtccacattce gaatgtttaa agaggcaaga actaagetat 960

gatcaatggg acgattcaca acaatgctct aactttttet tttgggacaa ccttaatata 1020

aacgtggaag gttcatctct tgttggaaac caagacccat caatgaattt gggatcatct 1080

gccttatett cttetttece ttettegttt taa 1113
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206

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met Gly His His

1

Trp

Gly

Cys

Ile

65

Leu

Pro

Lys

Ser

Thr

145

Phe

Gln

Pro

Ser

Thr

225

Thr

Gln

Asn

Asn

Glu
305
Asp

Asn

Pro

Ser

Tyr

Gly

50

Arg

His

Gly

Lys

Val

130

Ile

Asp

Glu

Leu

Glu

210

Gln

Asn

Val

Ile

Val

290

Met

Gln

Leu

Ser

Pro

Gly

35

Lys

Arg

Gly

Arg

Lys

115

Thr

Glu

Gly

Thr

Phe

195

Asn

Arg

Thr

Pro

Asp

275

Asp

Ala

Trp

Asn

Met
355

Glu

20

Cys

Ser

Gly

Val

Thr

100

Ile

Thr

Ala

Phe

Asn

180

Met

Ile

Gly

Glu

Thr

260

Thr

Asn

Ser

Asp

Ile

340

Asn

SEQ ID NO 54
LENGTH:
TYPE :
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G2343 polypeptide

370

54

Ser

Glu

Trp

Cys

Arg

Val

85

Asp

Arg

Val

Ser

Thr

165

Ile

Val

Ile

Gly

Glu

245

Leu

Val

Ile

Thr

Asp
325

Asn

Leu

Cys

Asp

Ser

Arg

Phe

70

Gly

Asn

Lys

Thr

Thr

150

Asp

Lys

Asp

Thr

Arg

230

Trp

Ala

Ile

Val

Phe
310
Ser

Val

Gly

Cys

Glu

Glu

Leu

55

Ser

Asn

Glu

Pro

Leu

135

Thr

Ser

Ile

Thr

Asn

215

Glu

Asp

Ser

Ser

His

295

Glu

Gln

Glu

Ser

Asn

Lys

Val

40

Arg

Pro

Arg

Ile

His

120

Asn

Thr

Pro

Gln

Thr

200

Asn

Asn

Met

His

Tyr

280

Asn

Cys

Gln

Gly

Ser
360

Gln

Leu

25

Pro

Trp

Glu

Trp

Lys

105

His

Ala

Thr

Asn

Glu

185

Leu

Asn

Val

Asn

Val

265

Asn

Glu

Leu

Cys

Ser

345

Ala

Gln

10

Ile

Glu

Ile

Glu

Ala

90

Asn

His

Asp

Ser

Gln

170

Thr

Pro

Lys

Cys

Leu

250

Phe

Leu

Asn

Lys

Ser

330

Ser

Leu

Lys

Arg

Lys

Asn

Glu

75

His

Tyr

Tyr

Thr

Thr

155

Leu

Phe

Ile

Asn

Glu

235

Arg

Asn

Pro

Ser

Arg

315

Asn

Leu

Ser

Val

Tyr

Ala

Tyr

60

Lys

Ile

Trp

Ser

Thr

140

Ile

Asn

Phe

Leu

Asn

220

Gln

Gln

Asn

Ala

Asn

300

Gln

Phe

Val

Ser

Lys

Ile

Gly

45

Leu

Leu

Ala

Asn

Arg

125

Ser

Asp

Phe

Ser

Glu

205

Asp

Ala

Gln

Ser

Leu

285

Val

Glu

Phe

Gly

Ser
365

Arg

Thr

30

Leu

Arg

Ile

Ser

Ser

110

His

Ile

Asn

Thr

His

190

Gly

His

Phe

Glu

Ser

270

Ile

Gln

Leu

Phe

Asn

350

Phe

Gly

15

Thr

Gln

Pro

Ile

His

95

Trp

Gln

Ala

Leu

Asn

175

Lys

Met

Asp

Leu

Pro

255

Asn

Glu

Asp

Ser

Trp
335

Gln

Pro

Leu

His

Arg

Asp

Ser

80

Leu

Ile

Pro

Thr

His

160

Asp

Pro

Phe

Asp

Thr

240

Phe

Ser

Gly

Gly

Tyr

320

Asp

Asp

Ser
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208

-continued

Ser Phe

370
<210> SEQ ID NO 55
<211> LENGTH: 2006
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1777
<400> SEQUENCE: 55
ctegtacttt atcacctcceg tegttctata atactctett cegtcaatca tatcatttgt 60
cgacaatttc attctgatca gtttaaaaat tgatccatgg atgataattt aagcggcgag 120
gaagaagatt actattactc ctccgatcag gaatctctca acgggattga taatgatgaa 180
tcegtttega tacctgttte ttcccgatca aatactgtca aggttattac gaaggaatca 240
cttttggetyg cacagaggga ggatttgegg agagtgatgg aattgttatce ggttaaggag 300
caccatgcte ggactcttet tatacattac cgatgggatyg tggagaagtt gtttgetgtt 360
cttgttgaga aagggaaaga tagcttgttt tctggtgetyg gtgttacact tcttgaaaac 420
caaagttgtg attcttcegt ttectggttct tcttcgatga tgagttgtga tatctgegta 480
gaggatgtac cgggttatca gctgacaagg atggactgtg gecatagett ttgcaataac 540
tgttggactg ggcattttac tgtaaagata aatgaaggtc agagcaaaag gattatatge 600
atggctcata agtgtaatgc tatttgtgat gaagatgttg tcagggctct agttagtaaa 660
agccaaccag atttagctga gaagtttgat cgttttcette ttgagtcgta tatcgaagat 720
aacaaaatgg tgaagtggtg tccgagtact cctcattgtg ggaatgccat acgtgttgag 780
gatgacgagc tctgtgaggt tgaatgctct tgtggtttge agttctgttt cagttgttca 840
tctcaagete actccecttg ctettgtgtyg atgtgggaac tatggagaaa gaagtgettt 900
gatgagtceyg agactgttaa ttggataact gttcacacaa agccgtgtcc caaatgtcac 960
aagcctgttg aaaagaatgg tggatgcaat ctegtgactt gtctttgteg acaatctttt 1020
tgttggttgt gtggtgaagc tactggaagg gaccacactt gggctagaat ctcgggtcat 1080
agttgtggtc ggttccaaga agataaagag aaacaaatgg agagagcgaa aagggatctc 1140
aagcggtata tgcattatca taaccgatac aaagcacata tcgactcctce caagctagag 1200
gctaagctta gtaataatat tagtaaaaag gtgtctattt cagaaaagag ggagttacaa 1260
cttaaagact tcagctgggc taccaatgga ctccatcggt tatttagatc aagacgagtt 1320
ctttcatatt catacccttt cgcattttac atgtttggag atgagctgtt taaagatgag 1380
atgagctctg aggaaagaga aataaaacaa aatctgtttg aggatcagca gcagcagctt 1440
gaggctaatg ttgagaaact ttctaagttc ttggaggaac cttttgatca atttgctgat 1500
gataaggtca tgcagataag gattcaagtc atcaatttgt cagttgcggt cgatacactc 1560
tgcgaaaata tgtatgaatg cattgagaat gacttgttgg gttctctgca acttggcatc 1620
cacaacatta ctccatacag atcaaacggc atagaacgag catctgattt ttatagttcc 1680
cagaattcca aggaagctgt tggtcagtct tcggattgtg gatggacgtce caggctcgat 1740
caagctttgg agtcagggaa gtcggaagac acaagttgct cttceccgggaa gegtgctaga 1800
atagacgaaa gttacagaaa cagccaaacc accttactag atttaaactt gccagcggaa 1860
gccattgage ggaaatgaac acttatcctt cttcacctec caataacacc ctttttgtcece 1920
aaataaagtg tgttacccgg atatttatag ctctaaaccc aatccecctet gettaatttg 1980
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209 210

-continued

tcagtgacct tacctaaccc tcttca 2006

<210> SEQ ID NO 56

<211> LENGTH: 593

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1777 polypeptide

<400> SEQUENCE: 56

Met Asp Asp Asn Leu Ser Gly Glu Glu Glu Asp Tyr Tyr Tyr Ser Ser
1 5 10 15

Asp Gln Glu Ser Leu Asn Gly Ile Asp Asn Asp Glu Ser Val Ser Ile
20 25 30

Pro Val Ser Ser Arg Ser Asn Thr Val Lys Val Ile Thr Lys Glu Ser
35 40 45

Leu Leu Ala Ala Gln Arg Glu Asp Leu Arg Arg Val Met Glu Leu Leu
50 55 60

Ser Val Lys Glu His His Ala Arg Thr Leu Leu Ile His Tyr Arg Trp
Asp Val Glu Lys Leu Phe Ala Val Leu Val Glu Lys Gly Lys Asp Ser
85 90 95

Leu Phe Ser Gly Ala Gly Val Thr Leu Leu Glu Asn Gln Ser Cys Asp
100 105 110

Ser Ser Val Ser Gly Ser Ser Ser Met Met Ser Cys Asp Ile Cys Val
115 120 125

Glu Asp Val Pro Gly Tyr Gln Leu Thr Arg Met Asp Cys Gly His Ser
130 135 140

Phe Cys Asn Asn Cys Trp Thr Gly His Phe Thr Val Lys Ile Asn Glu
145 150 155 160

Gly Gln Ser Lys Arg Ile Ile Cys Met Ala His Lys Cys Asn Ala Ile
165 170 175

Cys Asp Glu Asp Val Val Arg Ala Leu Val Ser Lys Ser Gln Pro Asp
180 185 190

Leu Ala Glu Lys Phe Asp Arg Phe Leu Leu Glu Ser Tyr Ile Glu Asp
195 200 205

Asn Lys Met Val Lys Trp Cys Pro Ser Thr Pro His Cys Gly Asn Ala
210 215 220

Ile Arg Val Glu Asp Asp Glu Leu Cys Glu Val Glu Cys Ser Cys Gly
225 230 235 240

Leu Gln Phe Cys Phe Ser Cys Ser Ser Gln Ala His Ser Pro Cys Ser
245 250 255

Cys Val Met Trp Glu Leu Trp Arg Lys Lys Cys Phe Asp Glu Ser Glu
260 265 270

Thr Val Asn Trp Ile Thr Val His Thr Lys Pro Cys Pro Lys Cys His
275 280 285

Lys Pro Val Glu Lys Asn Gly Gly Cys Asn Leu Val Thr Cys Leu Cys
290 295 300

Arg Gln Ser Phe Cys Trp Leu Cys Gly Glu Ala Thr Gly Arg Asp His
305 310 315 320

Thr Trp Ala Arg Ile Ser Gly His Ser Cys Gly Arg Phe Gln Glu Asp
325 330 335

Lys Glu Lys Gln Met Glu Arg Ala Lys Arg Asp Leu Lys Arg Tyr Met
340 345 350

His Tyr His Asn Arg Tyr Lys Ala His Ile Asp Ser Ser Lys Leu Glu
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211 212

-continued

355 360 365

Ala Lys Leu Ser Asn Asn Ile Ser Lys Lys Val Ser Ile Ser Glu Lys
370 375 380

Arg Glu Leu Gln Leu Lys Asp Phe Ser Trp Ala Thr Asn Gly Leu His
385 390 395 400

Arg Leu Phe Arg Ser Arg Arg Val Leu Ser Tyr Ser Tyr Pro Phe Ala
405 410 415

Phe Tyr Met Phe Gly Asp Glu Leu Phe Lys Asp Glu Met Ser Ser Glu
420 425 430

Glu Arg Glu Ile Lys Gln Asn Leu Phe Glu Asp Gln Gln Gln Gln Leu
435 440 445

Glu Ala Asn Val Glu Lys Leu Ser Lys Phe Leu Glu Glu Pro Phe Asp
450 455 460

Gln Phe Ala Asp Asp Lys Val Met Gln Ile Arg Ile Gln Val Ile Asn
465 470 475 480

Leu Ser Val Ala Val Asp Thr Leu Cys Glu Asn Met Tyr Glu Cys Ile
485 490 495

Glu Asn Asp Leu Leu Gly Ser Leu Gln Leu Gly Ile His Asn Ile Thr
500 505 510

Pro Tyr Arg Ser Asn Gly Ile Glu Arg Ala Ser Asp Phe Tyr Ser Ser
515 520 525

Gln Asn Ser Lys Glu Ala Val Gly Gln Ser Ser Asp Cys Gly Trp Thr
530 535 540

Ser Arg Leu Asp Gln Ala Leu Glu Ser Gly Lys Ser Glu Asp Thr Ser
545 550 555 560

Cys Ser Ser Gly Lys Arg Ala Arg Ile Asp Glu Ser Tyr Arg Asn Ser
565 570 575

Gln Thr Thr Leu Leu Asp Leu Asn Leu Pro Ala Glu Ala Ile Glu Arg
580 585 590

Lys

<210> SEQ ID NO 57

<211> LENGTH: 1209

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G229

<400> SEQUENCE: 57

ttgtggtcag tggaataaac acatataacc gccggagaaa atgggaagag cgccatgttg 60
cgagaaggtce ggtatcaaga gagggceggtyg gacggeggag gaggaccaga ttctctccaa 120
ctacattcaa tccaatggtg aaggttettg gagatctcte cccaaaaatg ccggattaaa 180
aaggtgtgga aagagctgta gattgagatg gataaactat ctaagatcag acctcaagcg 240
tggaaacata actccagaag aagaagaact cgttgttaaa ttgcattcca ctttgggaaa 300
caggtggtca ctaatcgegg gtcatctace agggagaaca gacaacgaaa taaaaaatta 360
ttggaactct catctcagec gtaaactcca caacttcatt aggaagccat ccatctctca 420
agacgtctce gecgtaatca tggegaacge ttettcageg ccaccgeege cgcaggcaaa 480
acgcagactt gggagaacga gtaggtcege tatgaaacca aaaatccgca gaacaaaaac 540
tcgtaaaacyg aagaaaacgt ctgcaccacce ggagectaac gecgatgtag ctggggetga 600
taaagaagca ttaatggtgg agtcaagtgg agccgagget gagetaggac gaccatgtga 660

ctactatgga gatgattgta acaaaaatct catgagcatt aatggegata atggagtttt 720
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214

-continued
aacgtttgat gatgatatca tcgatctttt gttggacgag tcagatcctyg gccacttgta 780
cacaaacaca acgtgceggtg gtggtgggga gttgcataac ataagagact ctgaaggagce 840
cagagggtte tcggatactt ggaaccaagg gaatctcgac tgtcttcette agtcttgtcee 900
atctgtggag tcgtttctca actacgacca ccaagttaac gacgcgtcga cggatgagtt 960
tatcgattgg gattgtgttt ggcaagaagg tagtgataat aatctttggc atgagaaaga 1020
gaatcccgac tcaatggtct cgtggetttt agacggtgat gatgaggcca cgatcgggaa 1080
tagtaattgt gagaactttg gagaaccgtt agatcatgac gacgaaagcg ctttggtcgce 1140
ttggcttetg tcatgatgat attgattgat ccgttatgta atcttttttg tgcattcaca 1200
gtttgaatc 1209

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 58
H: 371
PRT

RE:

<223> OTHER INFORMATION: G229 polypeptide

<400> SEQUENCE: 58

Met Gly Arg
1

Trp Thr Ala

Gly Glu Gly

Cys Gly Lys

50

Leu Lys Arg
65

Leu His Ser

Pro Gly Arg

Ser Arg Lys
115

Val Ser Ala
130

Gln Ala Lys
145

Lys Ile Arg

Pro Glu Pro

Val Glu Ser
195

Tyr Gly Asp
210

Gly Val Leu
225

Ser Asp Pro

Glu Leu His

Ala Pro Cys Cys Glu

Glu Glu Asp Gln Ile

20

Ser Trp Arg Ser Leu

40

Ser Cys Arg Leu Arg

55

Gly Asn Ile Thr Pro

70

Thr Leu Gly Asn Arg

85

Thr Asp Asn Glu Ile

100

Leu His Asn Phe Ile

120

Val Ile Met Ala Asn

135

Arg Arg Leu Gly Arg
150

Arg Thr Lys Thr Arg

165

Asn Ala Asp Val Ala

180

Ser Gly Ala Glu Ala

200

Asp Cys Asn Lys Asn

215

Thr Phe Asp Asp Asp
230

Gly His Leu Tyr Thr

245

Asn Ile Arg Asp Ser

260

Lys

Leu

25

Pro

Trp

Glu

Trp

Lys

105

Arg

Ala

Thr

Lys

Gly

185

Glu

Leu

Ile

Asn

Glu
265

Val

10

Ser

Lys

Ile

Glu

Ser

90

Asn

Lys

Ser

Ser

Thr

170

Ala

Leu

Met

Ile

Thr
250

Gly

Gly

Asn

Asn

Asn

Glu

75

Leu

Tyr

Pro

Ser

Arg

155

Lys

Asp

Gly

Ser

Asp
235

Thr

Ala

Ile Lys Arg

Tyr Ile Gln
30

Ala Gly Leu

Tyr Leu Arg

60

Glu Leu Val

Ile Ala Gly

Trp Asn Ser
110

Ser Ile Ser
125

Ala Pro Pro
140

Ser Ala Met

Lys Thr Ser

Lys Glu Ala
190

Arg Pro Cys
205

Ile Asn Gly
220

Leu Leu Leu

Cys Gly Gly

Arg Gly Phe
270

Gly Arg
15

Ser Asn

Lys Arg

Ser Asp

Val Lys
80

His Leu
95

His Leu

Gln Asp

Pro Pro

Lys Pro
160

Ala Pro
175

Leu Met

Asp Tyr

Asp Asn

Asp Glu
240

Gly Gly
255

Ser Asp



215

US 9,447,

-contin

425 B2

ued

216

Thr Trp Asn
275

Val Glu Ser
290

Asp Glu Phe
305

Asn Leu Trp

Leu Asp Gly

Phe Gly Glu
355

Leu Leu Ser
370

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Gly Asn Leu Asp

280

Phe Leu Asn Tyr Asp

295

Ile Asp Trp Asp Cys
310

His Glu Lys Glu Asn

325

Asp Asp Glu Ala Thr

340

Pro Leu Asp His Asp

D NO 59
H: 1033
DNA

360

Cys Leu Leu

His Gln Val

Val Trp Gln

315

Pro Asp Ser
330

Ile Gly Asn
345

Asp Glu Ser

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G663

<400> SEQUENCE: 59

gtcgacccac

aagttttaga

ttcgtecaaa

atgtattgat

tcgatgcaga

aggaagactt

taggtggtcc

ctggaacacc

gaaaaacatt

acctecgatce

tttaattcct

taacaaagat

gttggagaat

agctgaacat

agagactgtt

ctttegtatt

aaatggttat

aaaaaaaaaa

<210> SEQ I

<211> LENGT.
<212> TYPE:

gegtecegtgg

ataatccgat

gggttgagga

aagtatggag

aagagttgta

agcaatgatg

ttgattgctyg

catctgagta

atttcccecte

ttetetgtta

tcatgecttyg

gatgagaaag

ttactggggg

ggggccactt

gaacttgatt

ttagtaatgt

gtttctacgt

aaa

D NO 60

H: 249
PRT

gaagccacaa

aaaatacttt

aaggtgcatg

aaggcaaatg

gactaagatg

aagttgatct

gtcgattgee

aaaaacatga

ctacaacacc

acaatggttg

gactcaagaa

atgattttgt

aaaaccaaga

tggcgtttga

agtgtttete

atttttctgt

aataaaaaaa

taaccccecta

tatattaatt

gactgctgaa

gcatcaagtt

gttgaactat

tettettege

tggtcggacc

gtcttegtgt

ggtccaaaaa

cagccatcete

aaataatgtt

gaataatcta

agctgatgeg

cgttgagcaa

accgtttgtt

atgaagtaaa

aacgttattt

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G663 polypeptide

<400> SEQUENCE: 60

Gln Ser Cys
285

Asn Asp Ala
300

Glu Gly Ser

Met Val Ser

Ser Asn Cys

350

Ala Leu Val
365

ttccteggee
tttetttggt
gaagatagtc
cctttgagag
ttgaagccaa
cttcataage
gctaatgatg
tgtaagtcta
atcggtgttt
aatggtctge
tgtgaaaata
atgaatggag
attgttcctyg
ctttggagte
taagattgtg
gaatttcage

ataaaaaaaa

Pro Ser

Ser Thr

Asp Asn

320

Trp Leu
335

Glu Asn

Ala Trp

ttttttaaaa
ccatggaggyg
tcttgagget
ctgggctaaa
gtatcaagag
ttctaggaaa
tcaaaaatta
aaatgaaaaa
ttaagccteg
cagaagttga
gtatcacatg
ataatatgtyg
aagcgacgac
tgtttgatgg
ggtggetttt
attttaagaa

aaaaaaaaaa

Met Glu Gly Ser Ser Lys Gly Leu Arg Lys Gly Ala Trp Thr Ala Glu

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1033
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-continued

1 5 10 15

Glu Asp Ser Leu Leu Arg Leu Cys Ile Asp Lys Tyr Gly Glu Gly Lys
20 25 30

Trp His Gln Val Pro Leu Arg Ala Gly Leu Asn Arg Cys Arg Lys Ser
35 40 45

Cys Arg Leu Arg Trp Leu Asn Tyr Leu Lys Pro Ser Ile Lys Arg Gly
50 55 60

Arg Leu Ser Asn Asp Glu Val Asp Leu Leu Leu Arg Leu His Lys Leu

Leu Gly Asn Arg Trp Ser Leu Ile Ala Gly Arg Leu Pro Gly Arg Thr
85 90 95

Ala Asn Asp Val Lys Asn Tyr Trp Asn Thr His Leu Ser Lys Lys His
100 105 110

Glu Ser Ser Cys Cys Lys Ser Lys Met Lys Lys Lys Asn Ile Ile Ser
115 120 125

Pro Pro Thr Thr Pro Val Gln Lys Ile Gly Val Phe Lys Pro Arg Pro
130 135 140

Arg Ser Phe Ser Val Asn Asn Gly Cys Ser His Leu Asn Gly Leu Pro
145 150 155 160

Glu Val Asp Leu Ile Pro Ser Cys Leu Gly Leu Lys Lys Asn Asn Val
165 170 175

Cys Glu Asn Ser Ile Thr Cys Asn Lys Asp Asp Glu Lys Asp Asp Phe
180 185 190

Val Asn Asn Leu Met Asn Gly Asp Asn Met Trp Leu Glu Asn Leu Leu
195 200 205

Gly Glu Asn Gln Glu Ala Asp Ala Ile Val Pro Glu Ala Thr Thr Ala
210 215 220

Glu His Gly Ala Thr Leu Ala Phe Asp Val Glu Gln Leu Trp Ser Leu
225 230 235 240

Phe Asp Gly Glu Thr Val Glu Leu Asp
245

<210> SEQ ID NO 61

<211> LENGTH: 977

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G362

<400> SEQUENCE: 61

ataaaaaacc cttcatacaa tataaaattt ctttagacat acaatatatt atactattac 60
agatgcaatg catcattagt tacaaactat taaactaaat atccceccgte tctctettge 120
tatataaaga agatcattta cacatctect taagcaaatt aaacccatcg ataaacacat 180
acgttcacac atatatgtct ataaatcecga caatgtecteg tactggcgaa agttcttcag 240
gttegtecte cgacaagacg ataaagctat tcggettcga actcatcage ggecagtegta 300
cgceggaaat cacgacggeg gaaagcegtga getcgtecac aaacacgacg tcgttaacag 360
tgatgaaaag acacgagtgc caatactgeg gtaaagagtt tgcaaattct caagccttag 420
gaggtcacca aaacgctcac aagaaggaga ggttgaagaa gaagaggctt cagcttcaag 480
ctceggegage cagcatcgge tattatctca ccaaccacca acaacccata acgacgtcat 540
ttcagagaca atacaaaacg ccgtegtatt gtgcattcte ctccatgecac gtgaataatg 600

atcagatggg tgtgtacaac gaagattggt cgtcgaggtce gtcgcagatt aacttceggta 660
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220

ataatgacac

ttcgaccgaa

gtattaactc

agagatatat

ggaaaaaacg

tatgtatgtt

gtgccaagat

catgattcag

getggatett

gattaagatt

agacatatag

ttcgaag

<210> SEQ ID NO 62
<211> LENGTH: 211

<212> TYPE

PRT

cttaatgaac
ttccagagag
catctaggtt
atatgtacta

tattcttgat

aaagcggtga gatgggtaag ctgtacggtg

atctgagtte tcgttctgat

ttgccggaga tgcggcataa

tagtggcgta tttcattggyg

gcaatttgag ttttgtaatt

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G362 polypeptide

<400> SEQUENCE: 62

Met Ser Ile Asn Pro Thr Met Ser

1

Arg Thr Gly Glu
10

Ser

Gly

Thr

Cys

65

Ala

Arg

Thr

Ser

Trp

145

Gln

Arg

Gln

Asp

<210>
<211>
<212>
<213>
<220>
<223>

Ser

Ser

Asn

50

Gly

His

Arg

Thr

Ser

130

Ser

Asp

Pro

Met

Ala
210

Ser

Arg

35

Thr

Lys

Lys

Ala

Ser

115

Met

Ser

Leu

Asn

Arg

195

Ala

Asp

20

Thr

Thr

Glu

Lys

Ser

100

Phe

His

Arg

Asn

Met

180

Ser

<400> SEQUENCE:

ctctetgact tgaactctte tettctaceg aatcaaacca aatggaggat catcaaaacc

atccacagta cggtatagaa caaccatctt ctcaattcte ctcetgatcte tteggettca

acctegttte agegecggac cagcaccate gtettcattt caccgaccat gagataagtt

Lys

Pro

Ser

Phe

Glu

85

Ile

Gln

Val

Ser

Glu

165

Ile

Ile

SEQ ID NO 63
LENGTH:
TYPE: DNA
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G2105

1536

63

Thr

Glu

Leu

Ala

70

Arg

Gly

Arg

Asn

Ser

150

Gln

Gln

Asn

Ile

Ile

Thr

55

Asn

Leu

Tyr

Gln

Asn

135

Gln

Ser

Phe

Ser

Lys

Thr

40

Val

Ser

Lys

Tyr

Tyr

120

Asp

Ile

Gly

Gln

Leu
200

Leu

25

Thr

Met

Gln

Lys

Leu

105

Lys

Gln

Asn

Glu

Arg

185

Asp

Phe

Ala

Lys

Ala

Lys

90

Thr

Thr

Met

Phe

Met

170

Asp

Leu

Gly Phe

Glu Ser

Arg His
60

Leu Gly
75

Arg Leu

Asn His

Pro Ser

Gly Val

140
Gly Asn
155
Gly Lys

Leu Ser

His Leu

Ser

Glu

Val

45

Glu

Gly

Gln

Gln

Tyr

125

Tyr

Asn

Leu

Ser

Gly
205

Ser

Leu

30

Ser

Cys

His

Leu

Gln

110

Cys

Asn

Asp

Tyr

Arg

190

Phe

cagatgagaa
caaattaaag
atcatgaagg

tatttaggtt

Ser Gly
15

Ile

Ser

Gln

Gln

Gln

95

Pro

Ala

Glu

Thr

Gly

175

Ser

Ala

Ser

Ser

Tyr

Asn

80

Ala

Ile

Phe

Asp

Cys

160

Val

Asp

Gly

720

780

840

900

960

977

60

120

180
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222

tattgccacyg

cgatccagag

ggaggtggcee

agttcaaaga

aggaacatgg

agtactataa

gattttteceg

acaacacgca

ataacatcgt

gecttageat

aaggaaacga

ttggtgttca

agattgtgga

aagcggaaag

ctegggatgt

cggattette

ataatgaatt

aaaggaagga

tgatatacaa

atcatgaagg

ccatggeage

gggagggtta

ttctcaaaat

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

tggaatacaa
tggtggetgt
gaggcaagag
agctaatcaa
atacactagg
aaaaacaaaa
gcagcttgaa
gttcataatg
cccteateat
ttctaacaat
aactactaaa
tatggagagg
agacaaagaa
gatcgataag
tgcggtgatt
gtctectaca
tgctgatgaa
gaaatggtca
caatcaagaa
ttactcacct
tagtacaaag
tggtttgaag
gaagaataag
D NO 64

H: 481

PRT

RE:

gggcttacgg
gttggtgggt
acgttgatgt
aagggtccte
agtggcaaga
gaaggcaaat
gcgatatacyg
accaatgetce
cagaatccct
ttcaactcct
agagagggga
ttgatagaga
catcaaagga
gaacgttegt
aatgccettge
gagaggatta
ggaaataagg
agccacggag
actaagatta
tcaaactcca
tgctttecat
caaaggaaag

agaacttaga

tggctggaaa caacagtaac

ttagtggcett tacggacgge

tgttggaggt cagatctecgt

tctgggatga agtttctagyg

agtgtagaga gaagttcgag

ceggteggeyg acaagatggt

gcgaatccaa agactceggtt

ttcatagtaa tttccgeget

tgatgaccaa taccaatact

cctecgattt ggatctaact

tgcattggaa ggaaaagatc

agcaagattt ttggcttgag

tgctgagaga agaggaatgg

tttggacaaa agagagggag

agtacttgac gggaagggca

atgggaatgyg aagcgataaa

gcaagatgga taaaaaacaa

ggaatcatcce aagaaccaaa

atgatttttyg tcgagatgat

agaacgcagyg aactccgage

tgcttgaagy agaaggagat

aaaataatca tcagtaagct

aacgat

<223> OTHER INFORMATION: G2105 polypeptide

<400> SEQUENCE: 64

Met Glu Asp
1

Ser Gln Phe

Asp Gln His
35

Pro Arg Gly
50

Ile Thr Thr
65
Thr Asp Gly

Leu Leu Glu

Gln Lys Gly

His Gln Asn His Pro

Ser Ser Asp Leu Phe

20

His Arg Leu His Phe

40

Ile Gln Gly Leu Thr

55

Ile Gln Ser Gly Gly

70

Gly Gly Thr Gly Arg

85

Val Arg Ser Arg Leu

100

Pro Leu Trp Asp Glu

Gln

Gly

25

Thr

Val

Cys

Trp

Asp

105

Val

Tyr

10

Phe

Asp

Ala

Val

Pro

90

His

Ser

Gly Ile Glu Gln

Asn Leu Val Ser
30

His Glu Ile Ser
45

Gly Asn Asn Ser
60

Gly Gly Phe Ser

Arg Gln Glu Thr

Lys Phe Lys Glu

110

Arg Ile Met Ser

actattacaa
ggaggaacag
cttgatcaca
attatgtcgg
aatctctaca
aaaaactata
tcttgetata
tctaacattce
caaagtcaaa
tettectetyg
aaggaattca
aagttgatga
agaaggattg
aggattgaag
ttgataaggce
atgatggcetyg
atgaataaga
gagaatatga
gaccaatgce
tgcagcaatyg
cagaacttgt

acatttttca

Pro Ser
15

Ala Pro

Leu Leu

Asn Thr

Gly Phe
80

Leu Met
95

Ala Asn

Glu Glu

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1536
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223

-continued

224

Leu

145

Gln

Gly

Met

Ile

Ser

225

Asp

Met

Arg

Arg

305

Glu

Gln

Thr

Glu

Asn

385

Arg

Asn

Pro

Ala

Asn
465

Gln

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gly

130

Tyr

Asp

Glu

Thr

Val

210

Gln

Leu

His

Leu

Glu

290

Ile

Arg

Tyr

Glu

Phe

370

Lys

Thr

Asp

Ser

Ala

450

Leu

115

Tyr

Lys

Gly

Ser

Asn

195

Pro

Ser

Thr

Trp

Ile

275

Asp

Glu

Glu

Leu

Arg

355

Ala

Lys

Lys

Phe

Asn

435

Ser

Trp

Thr

Tyr

Lys

Lys

180

Ala

His

Leu

Ser

Lys

260

Glu

Lys

Ala

Arg

Thr

340

Ile

Asp

Arg

Glu

Cys

420

Ser

Thr

Glu

SEQUENCE :

Arg

Tyr

Asn

165

Asp

Leu

His

Ser

Ser

245

Glu

Lys

Glu

Glu

Ile

325

Gly

Asn

Glu

Lys

Asn

405

Arg

Lys

Lys

Gly

SEQ ID NO 65
LENGTH:
TYPE: DNA
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G47

785

65

Ser

Lys

150

Tyr

Ser

His

Gln

Ile

230

Ser

Lys

Gln

His

Arg

310

Glu

Arg

Gly

Gly

Glu

390

Met

Asp

Asn

Cys

Tyr
470

120 125

Gly Lys Lys Cys Arg Glu Lys Phe Glu
135 140

Lys Thr Lys Glu Gly Lys Ser Gly Arg
155

Arg Phe Phe Arg Gln Leu Glu Ala Ile
170 175

Val Ser Cys Tyr Asn Asn Thr Gln Phe
185 190

Ser Asn Phe Arg Ala Ser Asn Ile His
200 205

Asn Pro Leu Met Thr Asn Thr Asn Thr
215 220

Ser Asn Asn Phe Asn Ser Ser Ser Asp
235

Glu Gly Asn Glu Thr Thr Lys Arg Glu
250 255

Ile Lys Glu Phe Ile Gly Val His Met
265 270

Asp Phe Trp Leu Glu Lys Leu Met Lys
280 285

Gln Arg Met Leu Arg Glu Glu Glu Trp
295 300

Ile Asp Lys Glu Arg Ser Phe Trp Thr
315

Ala Arg Asp Val Ala Val Ile Asn Ala
330 335

Ala Leu Ile Arg Pro Asp Ser Ser Ser
345 350

Asn Gly Ser Asp Lys Met Met Ala Asp
360 365

Asn Lys Gly Lys Met Asp Lys Lys Gln
375 380

Lys Trp Ser Ser His Gly Gly Asn His
395

Met Ile Tyr Asn Asn Gln Glu Thr Lys
410 415

Asp Asp Gln Cys His His Glu Gly Tyr
425 430

Ala Gly Thr Pro Ser Cys Ser Asn Ala
440 445

Phe Pro Leu Leu Glu Gly Glu Gly Asp
455 460

Gly Leu Lys Gln Arg Lys Glu Asn Asn
475

Asn

Arg

160

Tyr

Ile

Asn

Gln

Leu

240

Gly

Glu

Ile

Arg

Lys

320

Leu

Pro

Asn

Met

Pro

400

Ile

Ser

Met

Gln

His
480
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-continued
cttettette acatcgatca tcatacaaca acaaaaaatg gattacagag aatccaccgg 60
tgaaagtcag tcaaagtaca aaggaatccg tcgtcggaaa tggggcaaat gggtatcaga 120
gattagagtt ccgggaactc gtgaccgtct ctggttaggt tcattctcaa cagcagaagg 180
tgccgecegta gcacacgacg ttgctttett ctgtttacac caacctgatt ctttagaatce 240
tctcaattte cctcatttge ttaatcctte actegtttecce agaacttcte cgagatctat 300
ccagcaagcet gettctaacg ccggcatgge cattgacgec ggaatcgtece acagtaccag 360
cgtgaactcet ggatgeggag atacgacgac gtattacgag aatggagctyg atcaagtgga 420
geegttgaat atttcagtgt atgattatct gggceggecac gatcacgttt gatttatcte 480
gacggtcatyg atcacgtttg atcttctttt gagtaagatt ttgtaccata atcaaaacag 540
gtgtggtgcet aaaatcttac tcaaaacaag attaggtacc acagagaaac aatcaaatgg 600
ttgtgaatat acattataag gttttgatta atgtttgttt cactgattta gtgaagtttg 660
gtecattgta tacaaatcta ttcaagaaac ctagcgcgag atcatgtttc gtgattgaag 720
attgagattt ttaagtattc gtaatatttt tgtaaaatac aaataaaaaa aaaaaaaaaa 780
aaaaa 785
<210> SEQ ID NO 66
<211> LENGTH: 144
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G47 polypeptide
<400> SEQUENCE: 66
Met Asp Tyr Arg Glu Ser Thr Gly Glu Ser Gln Ser Lys Tyr Lys Gly
1 5 10 15
Ile Arg Arg Arg Lys Trp Gly Lys Trp Val Ser Glu Ile Arg Val Pro
20 25 30
Gly Thr Arg Asp Arg Leu Trp Leu Gly Ser Phe Ser Thr Ala Glu Gly
35 40 45
Ala Ala Val Ala His Asp Val Ala Phe Phe Cys Leu His Gln Pro Asp
50 55 60
Ser Leu Glu Ser Leu Asn Phe Pro His Leu Leu Asn Pro Ser Leu Val
65 70 75 80
Ser Arg Thr Ser Pro Arg Ser Ile Gln Gln Ala Ala Ser Asn Ala Gly
85 90 95
Met Ala Ile Asp Ala Gly Ile Val His Ser Thr Ser Val Asn Ser Gly
100 105 110
Cys Gly Asp Thr Thr Thr Tyr Tyr Glu Asn Gly Ala Asp Gln Val Glu
115 120 125
Pro Leu Asn Ile Ser Val Tyr Asp Tyr Leu Gly Gly His Asp His Val
130 135 140
<210> SEQ ID NO 67
<211> LENGTH: 657
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2123
<400> SEQUENCE: 67
atgagaaaag tatgtgagct tgatatagag ctaagtgaag aggaaagaga cctactaaca 60
actggataca agaatgtcat ggaggctaag agagtttcat tgagagtaat atcatccatt 120
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-continued
gaaaaaatgyg aagactcgaa aggaaacgac caaaatgtga aactgataaa aggacaacaa 180
gaaatggtta aatatgagtt tttcaatgtt tgtaatgaca ttttgtctct cattgattct 240
catctcatac catcaactac tactaatgtc gaatcaattg tcctttttaa cagagtgaaa 300
ggagattatt ttcgatatat ggcagagttt ggttctgatg ctgaacgtaa agaaaatgca 360
gataattcte tagatgcata taaggttgca atggaaatgg cagagaatag tttagcaccce 420
accaatatgg ttagacttgg attggcttta aatttctcga tattcaatta tgagatccat 480
aaatctattg aaagcgcatg taaattggtt aagaaagctt acgatgaagc aatcactgaa 540
ctegatggee ttgacaagaa tatatgcgaa gagagcatgt atatcataga gatgcttaaa 600
tacaatcttt ctacgtggac ttcaggcgat ggtaatggta ataagacaga cggttag 657

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 68
H: 218
PRT

RE:

<223> OTHER INFORMATION: G2123 polypeptide

<400> SEQUENCE: 68

Met Arg Lys
1

Asp Leu Leu

Ser Leu Arg

Asn Asp Gln

50

Tyr Glu Phe
65

His Leu Ile

Asn Arg Val

Asp Ala Glu

115

Val Ala Met
130

Arg Leu Gly
145

Lys Ser Ile

Ala Ile Thr

Met Tyr Ile
195

Gly Asp Gly
210

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Val Cys Glu Leu Asp

5

Thr Thr Gly Tyr Lys

20

Val Ile Ser Ser Ile

Asn Val Lys Leu Ile

55

Phe Asn Val Cys Asn

70

Pro Ser Thr Thr Thr

85

Lys Gly Asp Tyr Phe

100

Arg Lys Glu Asn Ala

120

Glu Met Ala Glu Asn

135

Leu Ala Leu Asn Phe
150

Glu Ser Ala Cys Lys

165

Glu Leu Asp Gly Leu

180

Ile Glu Met Leu Lys

200

Asn Gly Asn Lys Thr

D NO 69
H: 859
DNA

RE:

215

<223> OTHER INFORMATION: G1266

Ile

Asn

25

Glu

Lys

Asp

Asn

Arg

105

Asp

Ser

Ser

Leu

Asp

185

Tyr

Asp

thaliana

Glu

10

Val

Lys

Gly

Ile

Val

90

Tyr

Asn

Leu

Ile

Val

170

Lys

Asn

Gly

Leu

Met

Met

Gln

Leu

75

Glu

Met

Ser

Ala

Phe

155

Lys

Asn

Leu

Ser Glu Glu
Glu Ala Lys
30

Glu Asp Ser

Gln Glu Met
60

Ser Leu Ile

Ser Ile Val

Ala Glu Phe

110

Leu Asp Ala
125

Pro Thr Asn
140

Asn Tyr Glu

Lys Ala Tyr

Ile Cys Glu
190

Ser Thr Trp
205

Glu Arg
15

Arg Val

Lys Gly

Val Lys

Asp Ser
80

Leu Phe
95

Gly Ser

Tyr Lys

Met Val

Ile His

160

Asp Glu
175

Glu Ser

Thr Ser
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-continued

<400> SEQUENCE: 69

caatccacta acgatcccta accgaaaaca gagtagtcaa gaaacagagt attttttcta 60
catggatcca tttttaattc agtccccatt ctececggette tcaccggaat attctatcgg 120
atcttctecca gattcectttet catcctette ttctaacaat tactctctte ccecttcaacga 180
gaacgactca gaggaaatgt ttctctacgg tctaatcgag cagtccacgc aacaaaccta 240
tattgactcg gatagtcaag accttccgat caaatccgta agctcaagaa agtcagagaa 300
gtecttacaga ggcgtaagac gacggccatg ggggaaattce geggcggaga taagagattce 360
gactagaaac ggtattaggg tttggctcegg gacgttcgaa agcgcggaag aggcggettt 420
agcctacgat caagcetgett tctcgatgag agggtcecteg gegattctca atttttegge 480
ggagagagtt caagagtcgce tttcggagat taaatatacc tacgaggatg gttgttctec 540
ggttgtggeyg ttgaagagga aacactcgat gagacggaga atgaccaata agaagacgaa 600
agatagtgac tttgatcacc gctccgtgaa gttagataat gtagttgtet ttgaggattt 660
gggagaacag taccttgagg agcttttggg gtcttctgaa aatagtggga cttggtgaaa 720
gattaggatt tgtattaggg accttaagtt tgaagtggtt gattaatttt aaccctaata 780
tgttttttgt ttgcttaaat atttgattct attgagaaac atcgaaaaca gtttgtatgt 840
acttttgtga tacttggcg 859

<210> SEQ ID NO 70

<211> LENGTH: 218

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1266 polypeptide

<400> SEQUENCE: 70

Met Asp Pro Phe Leu Ile Gln Ser Pro Phe Ser Gly Phe Ser Pro Glu
1 5 10 15

Tyr Ser Ile Gly Ser Ser Pro Asp Ser Phe Ser Ser Ser Ser Ser Asn
20 25 30

Asn Tyr Ser Leu Pro Phe Asn Glu Asn Asp Ser Glu Glu Met Phe Leu
35 40 45

Tyr Gly Leu Ile Glu Gln Ser Thr Gln Gln Thr Tyr Ile Asp Ser Asp
50 55 60

Ser Gln Asp Leu Pro Ile Lys Ser Val Ser Ser Arg Lys Ser Glu Lys
65 70 75 80

Ser Tyr Arg Gly Val Arg Arg Arg Pro Trp Gly Lys Phe Ala Ala Glu
85 90 95

Ile Arg Asp Ser Thr Arg Asn Gly Ile Arg Val Trp Leu Gly Thr Phe
100 105 110

Glu Ser Ala Glu Glu Ala Ala Leu Ala Tyr Asp Gln Ala Ala Phe Ser
115 120 125

Met Arg Gly Ser Ser Ala Ile Leu Asn Phe Ser Ala Glu Arg Val Gln
130 135 140

Glu Ser Leu Ser Glu Ile Lys Tyr Thr Tyr Glu Asp Gly Cys Ser Pro
145 150 155 160

Val Val Ala Leu Lys Arg Lys His Ser Met Arg Arg Arg Met Thr Asn
165 170 175

Lys Lys Thr Lys Asp Ser Asp Phe Asp His Arg Ser Val Lys Leu Asp
180 185 190

Asn Val Val Val Phe Glu Asp Leu Gly Glu Gln Tyr Leu Glu Glu Leu
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232

-continued
195 200 205
Leu Gly Ser Ser Glu Asn Ser Gly Thr Trp
210 215
<210> SEQ ID NO 71
<211> LENGTH: 1630
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1337
<400> SEQUENCE: 71
aatggatttg tcatcattct tctcacegte cttagtctet gaaaataaat tctgattttg 60
atttcgaatt ttagggattt tgagagagag tcagttatga gtagttcgga gagagtaccg 120
tgcgatttet geggegageg tacggeggtt ttgttttgta gagecgatac ggcgaagetg 180
tgtttgcctt gtgatcagca agttcacacg gcgaatctgt tgtcgaggaa gcacgtgcga 240
tctcagatcet gcgataattg cggtaacgag ccagtctetyg tteggtgttt caccgataat 300
ctgattttgt gtcaggagtg tgattgggat gttcacggaa gttgttcagt ttccgatgcet 360
catgttcgat ccgccgtgga aggtttttee ggttgtcecat cggegttgga gettgetget 420
ttatggggac ttgatttgga gcaagggagg aaagatgaag agaatcaagt tccgatgatg 480
gcgatgatga tggataattt cgggatgcag ttggattctt gggttttggg atctaatgaa 540
ttgattgtte ccagegatac gacgtttaag aagcgtggat cttgtggatce tagttgtggg 600
aggtataagc aggtattgtg taagcagett gaggagttge ttaagagtgg tgttgteggt 660
ggtgatggeyg atgatggtga tcgtgaccgt gattgtgacce gtgagggtge ttgtgatgga 720
gatggagatyg gagaagcagg agaggggctt atggttccegg agatgtcaga gagattgaaa 780
tggtcaagag atgttgagga gatcaatggt ggcggaggag gaggagttaa ccagcagtgg 840
aatgctacta ctactaatcc tagtggtgge cagagttcte agatatggga ttttaacttg 900
ggacagtcac ggggacctga ggatacgagt cgagtggaag ctgcatatgt agggaaaggt 960
gctgettett cattcacaat caacaatttt gttgaccata tgaatgaaac ttgttccact 1020
aatgtgaaag gtgtcaaaga gattaaaaag gatgactaca agcgatcaac ttcaggccag 1080
gtacaaccaa caaaatctga gagcaacaat cgtccaatta cctttggctc tgagaaaggt 1140
tcgaactecct ccagtgactt gcatttcaca gagcatattg ctggaactag ttgtaagacc 1200
acaagactag ttgcaactaa ggctgatctg gagcggctgg ctcagaacag aggagatgca 1260
atgcagcgtt acaaggaaaa gaggaagaca cggagatatg ataagaccat aaggtatgaa 1320
tcgaggaagg caagagctga cactaggttg cgtgtcagag gcagatttgt gaaagctagt 1380
gaagctcett acccttaacce ttaagttttt tcacataggc tteccttttag ctacaaactt 1440
agttactttt tttactccac tgcctcataa atgtacagac cggtctcgtt tcatctggcece 1500
gccettettyg ttttattgce ttatctggece cttttatgta ccttggaatc ttatctagtt 1560
taaaaaagat tgtaaccttc tagaaaacca tattctgttg acagtatata catgtctatc 1620
caagcaaaaa 1630

<210> SEQ ID NO 72
<211> LENGTH: 433

<212> TYPE:

PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1337 polypeptide
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233

-continued

234

<400> SEQUENCE:

Met

1

Ala

Asp

Ser

Phe

65

Gly

Phe

Asp

Ala

Gly

145

Gly

Gln

Asp

Asp

Glu

225

Gly

Gly

Gly

Ala

Thr

305

Tyr

Asn

Ser

Thr

Arg
385

Tyr

Ser

Val

Gln

Gln

50

Thr

Ser

Ser

Leu

Met

130

Ser

Ser

Leu

Gly

Gly

210

Arg

Gly

Gly

Pro

Ala

290

Cys

Lys

Asn

Asp

Arg

370

Gly

Asp

Ser

Leu

Gln

35

Ile

Asp

Cys

Gly

Glu

115

Met

Asn

Cys

Glu

Asp

195

Asp

Leu

Gly

Gln

Glu

275

Ser

Ser

Arg

Arg

Leu
355
Leu

Asp

Lys

Ser

Phe

20

Val

Cys

Asn

Ser

Cys

100

Gln

Met

Glu

Gly

Glu

180

Arg

Gly

Lys

Val

Ser

260

Asp

Ser

Thr

Ser

Pro

340

His

Val

Ala

Thr

Glu

Cys

His

Asp

Leu

Val

85

Pro

Gly

Asp

Leu

Ser

165

Leu

Asp

Glu

Trp

Asn

245

Ser

Thr

Phe

Asn

Thr

325

Ile

Phe

Ala

Met

Ile
405

Arg

Arg

Thr

Asn

Ile

70

Ser

Ser

Arg

Asn

Ile

150

Ser

Leu

Arg

Ala

Ser

230

Gln

Gln

Ser

Thr

Val

310

Ser

Thr

Thr

Thr

Gln
390

Arg

Val Pro Cys Asp Phe Cys Gly Glu Arg
10 15

Ala Asp Thr Ala Lys Leu Cys Leu Pro
25 30

Ala Asn Leu Leu Ser Arg Lys His Val
40 45

Cys Gly Asn Glu Pro Val Ser Val Arg
55 60

Leu Cys Gln Glu Cys Asp Trp Asp Val
75

Asp Ala His Val Arg Ser Ala Val Glu
90 95

Ala Leu Glu Leu Ala Ala Leu Trp Gly
105 110

Lys Asp Glu Glu Asn Gln Val Pro Met
120 125

Phe Gly Met Gln Leu Asp Ser Trp Val
135 140

Val Pro Ser Asp Thr Thr Phe Lys Lys
155

Cys Gly Arg Tyr Lys Gln Val Leu Cys
170 175

Lys Ser Gly Val Val Gly Gly Asp Gly
185 190

Asp Cys Asp Arg Glu Gly Ala Cys Asp
200 205

Gly Glu Gly Leu Met Val Pro Glu Met
215 220

Arg Asp Val Glu Glu Ile Asn Gly Gly
235

Gln Trp Asn Ala Thr Thr Thr Asn Pro
250 255

Ile Trp Asp Phe Asn Leu Gly Gln Ser
265 270

Arg Val Glu Ala Ala Tyr Val Gly Lys
280 285

Ile Asn Asn Phe Val Asp His Met Asn
295 300

Lys Gly Val Lys Glu Ile Lys Lys Asp
315

Gly Gln Val Gln Pro Thr Lys Ser Glu
330 335

Phe Gly Ser Glu Lys Gly Ser Asn Ser
345 350

Glu His Ile Ala Gly Thr Ser Cys Lys
360 365

Lys Ala Asp Leu Glu Arg Leu Ala Gln
375 380

Arg Tyr Lys Glu Lys Arg Lys Thr Arg
395

Tyr Glu Ser Arg Lys Ala Arg Ala Asp
410 415

Thr

Cys

Arg

Cys

His

80

Gly

Leu

Met

Leu

Arg

160

Lys

Asp

Gly

Ser

Gly

240

Ser

Arg

Gly

Glu

Asp

320

Ser

Ser

Thr

Asn

Arg
400

Thr



235

US 9,447,425 B2

-continued

236

Arg Leu Arg Val Arg Gly Arg Phe Val Lys Ala Ser Glu Ala Pro Tyr

420

<210> SEQ ID NO 73
<211> LENGTH: 1674

<212> TYPE:

DNA

425

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1399

<400> SEQUENCE: 73

aggtcgaatt

ctttagctta

aaaactcttt

cgtaatcata

tcacttgatc

ctagcagttt

tggacccacc

cegeggeage

caatgccgac

agtataatcc

ttcegttgac

gatggctcaa

caggtgtagg

acgccggaga

tctgecatect

ceggtggtac

tgcaaaatga

gaccagatgg

tccaggtaat

aagaaagacg

aagaacggaa

cttcatacac

accatgtcaa

gagaagaaga

gcgatageca

ggatttgtta

tttagaagct

aacaaactta

ttctgaaatt

gettagette

atctctgaat

aagattcgtg

ttatgtcegyg

cggcttgaag

accaagaccc

caccgtagea

ggagaacact

cgatgggact

gtcggagttt

gaagtctcaa

aactgctgat

ggatgtgacg

ttcagctaat

tctaacttat

ctctggagga

tegtgtettt

ggtagggact

gctaagattt

ggcgagatte

gcatgtaaac

ggatcectte

gggtgaagaa

atctgacaac

ggtttgatgg

gctatcttta

ctgttgcaaa

<210> SEQ ID NO 74
<211> LENGTH: 404

<212> TYPE:

PRT

aagattcatt

tactgatctg

cttgagttte

gaggatctcet

atggaggaga

cagcaacatg

gaaaacccta

gcagctgtta

tcagctgage

cttgtegtga

cctecaagga

atgttccaat

tttgttggty

atgaagataa

ggtcccatcet

gagggtcgtt

actcgaagta

ggtggaggac

tttatagctyg

ggggctcaac

gagaggctta

acaacaaatg

tcgtctatee

gatgatgatg

gagattccga

atttcagatt

ggttcccate

actctcttca

cctecatgga

tttttgctac

ttgtagaaga

actgatttgt

gagaaggaac

aagctgetge

accegttttt

ctgagaatge

agctgaaaaa

ctttatcgee

aacgaggaag

tcgatagaag

ccaactttac

tgacattcte

ccaatgttac

ttgagattct

gagctggtgg

tcgetggtet

gtcaagagca

catcttctat

acaagtctgt

cggttcacag

cagtaggagg

aattagaagg

getgatgatg

ttggttgatt

ctettgtgat

aaaaagtttc

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1399 polypeptide

430

agaagctctyg

aaaatcccat

agaagcaatt

cggaatctet

caacatcaac

ttetgatggt

agtcccacce

ggctactceg

gaagagaggt

gatgccaatc

aggacgtggc

tcetgttgat

acctcatgta

tcaacaagga

gettegtcaa

ctctttgacy

tatgagtgtt

ctttettget

gtcacagcetg

ctcctttaac

tgctattect

ttactataca

aggaggaggt

tgaagacgaa

atcatacggt

gtttttatta

tgttgagtat

actttgettt

tttttattct

ctttttettt

ttgaatcttt

cactacagaa

aacaacatca

ggttactcaa

actactgtcc

tttagcttaa

aggccgagaa

tcgtectety

aagtctaatc

accaatttgg

ctgatcgtca

tctegtgeta

tctatgacat

ggttegttta

tgccttgeag

getggtectyg

gagctagcaa

atatccgeag

gcaccaacca

aactcggtta

ggagaggtag

gaattcggag

ttettttege

acacagaatg

ccttgttaga

ccca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1674



US 9,447,425 B2

237

-continued

238

<400> SEQUENCE:

Met Glu Glu Arg

1

Phe

Ser

Pro

Glu

65

Ser

Pro

Ser

Arg

Asp

145

Phe

Glu

Ala

Arg

Glu

225

Thr

Gly

Pro

Gln

Ser

305

Glu

Thr

Gly

Met

Pro

50

Asn

Ala

Asp

Val

Gly

130

Arg

Val

Asp

Ile

Gln

210

Ile

Arg

Arg

Val

Leu

290

Ser

Arg

His

Asn

Gly
370

Glu

Ile

Leu

Asp

35

Thr

Ala

Glu

Gly

Pro

115

Lys

Ser

Gly

Val

Cys

195

Ser

Leu

Ser

Val

Gln

275

Glu

Ile

Leu

Val

His
355
Gly

Gly

Pro

Lys

20

Pro

Thr

Ala

Gln

Thr

100

Leu

Ser

Pro

Ala

Thr

180

Ile

Met

Ser

Arg

Phe

260

Val

Leu

Ser

Asn

Asn

340

Val

Glu

Glu

Ser

Glu

Gln

Pro

Val

Thr

Leu

85

Leu

Thr

Asn

Val

Asn

165

Met

Leu

Thr

Leu

Ala

245

Gly

Met

Ala

Phe

Lys

325

Thr

Lys

Val

Asp

Gly

Gln

Pro

Pro

Pro

70

Lys

Val

Ser

Arg

Asp

150

Phe

Lys

Ser

Ser

Thr

230

Gly

Gly

Val

Lys

Asn

310

Ser

Thr

Asp

Gly

Glu
390

Thr Asn Ile Asn Asn Asn Ile Thr Ser
10 15

His Glu Ala Ala Ala Ser Asp Gly Gly
25 30

Arg Pro Glu Asn Pro Asn Pro Phe Leu
40 45

Ala Ala Ala Thr Val Ala Ala Ala Val
55 60

Phe Ser Leu Thr Met Pro Thr Glu Asn
75

Lys Lys Arg Gly Arg Pro Arg Lys Tyr
90 95

Val Thr Leu Ser Pro Met Pro Ile Ser
105 110

Glu Phe Pro Pro Arg Lys Arg Gly Arg
120 125

Trp Leu Lys Lys Ser Gln Met Phe Gln
135 140

Thr Asn Leu Ala Gly Val Gly Thr Ala
155

Thr Pro His Val Leu Ile Val Asn Ala
170 175

Ile Met Thr Phe Ser Gln Gln Gly Ser
185 190

Ala Asn Gly Pro Ile Ser Asn Val Thr
200 205

Gly Gly Thr Leu Thr Tyr Glu Gly Arg
215 220

Gly Ser Phe Met Gln Asn Asp Ser Gly
235

Gly Met Ser Val Cys Leu Ala Gly Pro
250 255

Gly Leu Ala Gly Leu Phe Leu Ala Ala
265 270

Gly Thr Phe Ile Ala Gly Gln Glu Gln
280 285

Glu Arg Arg Leu Arg Phe Gly Ala Gln
295 300

Ile Ser Ala Glu Glu Arg Lys Ala Arg
315

Val Ala Ile Pro Ala Pro Thr Thr Ser
330 335

Asn Ala Val His Ser Tyr Tyr Thr Asn
345 350

Pro Phe Ser Ser Ile Pro Val Gly Gly
360 365

Glu Glu Glu Gly Glu Glu Asp Asp Asp
375 380

Glu Phe Gly Gly Asp Ser Gln Ser Asp
395

Ser

Tyr

Val

Thr

Thr

80

Asn

Ser

Gly

Phe

Asp

160

Gly

Arg

Leu

Phe

Gly

240

Asp

Gly

Ser

Pro

Phe

320

Tyr

Ser

Gly

Glu

Asn
400



US 9,447,425 B2
239

-continued

240

<210> SEQ ID NO 75

<211> LENGTH: 1066

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1465

<400> SEQUENCE: 75

ctcattcttyg cgtttgatct ttetttotct agatcccata tttttettga tcaatttagt

ttcattatgg aggaagatgc agcttttgat ctactcaaag ccgaactctt aaacgcagaa

gacgatgcaa taatctcacg ttatctgaag cgtatggteg tcaacggaga ctcatggect

gatcacttca tcgaagacgc agacgtgttc aacaagaatc caaatgtgga gttcgatget

gagagccecta gettegtgat agttaaacct cgaacagagg cttgtggtaa aaccgatgga

tgtgaaactyg gttgctggag gatcatgggt cgtgataaac cgataaaatc gacggagact

gtgaagattc aagggttcaa gaagattctc aagttctgec taaagaggaa acctagagga

tacaagagaa gttgggtaat ggaagagtat aggcttacca ataacttgaa ctggaagcaa

gatcatgtga tttgcaagat tcggtttatyg tttgaagctg aaatcagttt cttgetagec

aagcatttct acactacatc agaatcactt cctecgaaatg agetgttgee agettacgga

ttcecttteat cagataagca attggaggat gtatcttate cggtgacgat aatgacttcet

gaaggaaacg attggcctag ctacgttacc aacaatgtgt attgtctgea tccattggag

ctegttgate ttcaagatcg gatgtttaat gattacggaa cctgcatctt cgctaacaag

acttgtggta aaaccgatag atgcattaat ggtggttact ggaaaatttt gcaccgtgat

aggctgatca agtcaaagte cgggatagtt attggtttca agaaggtgtt taagtttcat

gaaacggaga aagaaagata cttctgtggt ggagaagatg tgaaggtaac ttggactcta

gaagagtata ggcttagcegt gaagcagaat aaattcttgt gegttatcaa gtttacttat

gataactaag aatcttttct ttggatttta tgatcatctt agtatc

<210> SEQ ID NO 76

<211> LENGTH: 320

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: Gl1465 polypeptide

<400> SEQUENCE: 76

Met

1

Ala

Asn

Asn

Ile

65

Thr

Glu

Lys

Glu Glu Asp Ala Ala Phe Asp Leu Leu Lys Ala Glu Leu Leu Asn

Glu Asp Asp Ala Ile Ile Ser Arg Tyr Leu Lys Arg Met Val Val
20 25 30

Gly Asp Ser Trp Pro Asp His Phe Ile Glu Asp Ala Asp Val Phe
35 40 45

Lys Asn Pro Asn Val Glu Phe Asp Ala Glu Ser Pro Ser Phe Val
50 55 60

Val Lys Pro Arg Thr Glu Ala Cys Gly Lys Thr Asp Gly Cys Glu
70 75 80

Gly Cys Trp Arg Ile Met Gly Arg Asp Lys Pro Ile Lys Ser Thr
85 90 95

Thr Val Lys Ile Gln Gly Phe Lys Lys Ile Leu Lys Phe Cys Leu
100 105 110

Arg Lys Pro Arg Gly Tyr Lys Arg Ser Trp Val Met Glu Glu Tyr

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1066



US 9,447,425 B2
241 242

-continued

115 120 125

Arg Leu Thr Asn Asn Leu Asn Trp Lys Gln Asp His Val Ile Cys Lys
130 135 140

Ile Arg Phe Met Phe Glu Ala Glu Ile Ser Phe Leu Leu Ala Lys His
145 150 155 160

Phe Tyr Thr Thr Ser Glu Ser Leu Pro Arg Asn Glu Leu Leu Pro Ala
165 170 175

Tyr Gly Phe Leu Ser Ser Asp Lys Gln Leu Glu Asp Val Ser Tyr Pro
180 185 190

Val Thr Ile Met Thr Ser Glu Gly Asn Asp Trp Pro Ser Tyr Val Thr
195 200 205

Asn Asn Val Tyr Cys Leu His Pro Leu Glu Leu Val Asp Leu Gln Asp
210 215 220

Arg Met Phe Asn Asp Tyr Gly Thr Cys Ile Phe Ala Asn Lys Thr Cys
225 230 235 240

Gly Lys Thr Asp Arg Cys Ile Asn Gly Gly Tyr Trp Lys Ile Leu His
245 250 255

Arg Asp Arg Leu Ile Lys Ser Lys Ser Gly Ile Val Ile Gly Phe Lys
260 265 270

Lys Val Phe Lys Phe His Glu Thr Glu Lys Glu Arg Tyr Phe Cys Gly
275 280 285

Gly Glu Asp Val Lys Val Thr Trp Thr Leu Glu Glu Tyr Arg Leu Ser
290 295 300

Val Lys Gln Asn Lys Phe Leu Cys Val Ile Lys Phe Thr Tyr Asp Asn
305 310 315 320

<210> SEQ ID NO 77

<211> LENGTH: 732

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1512

<400> SEQUENCE: 77

atggaaggga acttcttcat caggtctgat gectcaacgag cacatgacaa tggcttcata 60
gccaaacaaa aacctaatct caccacggct ccaacagcag gtcaagctaa tgaaagtgge 120
tgttttgact gcaacatctg tttagacaca gcccatgate cggtggtcac tctetgeggg 180
caccttttet getggcecttg catttacaag tggttacatg ttcagttatce ttetgtcetcece 240
gttgatcage accagaacaa ttgccctgtt tgtaaatcca acattactat cacctcetttg 300
gttectetet atggaagagg catgtcectteg ccttetteca cgtttggete caagaaacaa 360
gacgcactgt ccactgacat accccgcaga cctgctecat cagccttacg caatccgatt 420
acctcagcat catctctgaa cccaagettg caacatcaaa ctetgtctece ttcatttcat 480
aatcatcagt attccecteg tggcttcacce acaaccgaat caaccgacct tgccaatget 540
gtaatgatga gtttecctcta ccctgtgatt ggaatgtttg gagacctggt ctacaccagyg 600
atattcggga ccttcacaaa cacaatagcet cagecttacce aaagccagag gatgatgcag 660
cgtgagaagt ctcttaatcg ggtatcgata ttctteccttt gttgcatcat ccectttgecte 720
cttctettet ag 732

<210> SEQ ID NO 78

<211> LENGTH: 243

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana



243

US 9,447,425 B2

-continued

244

<220> FEATU

RE:

<223> OTHER INFORMATION: G1512 p

<400> SEQUENCE: 78

Met Glu Gly
1

Asn Gly Phe
Ala Gly Gln
35

Asp Thr Ala
50

Trp Pro Cys
65

Val Asp Gln

Ile Thr Ser

Ser Thr Phe

115

Arg Arg Pro
130

Ser Leu Asn
145

Asn His Gln

Leu Ala Asn

Phe Gly Asp
195

Ile Ala Gln
210

Leu Asn Arg

Leu Leu Phe

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asn Phe Phe Ile Arg

5

Ile Ala Lys Gln Lys

20

Ala Asn Glu Ser Gly

His Asp Pro Val Val

55

Ile Tyr Lys Trp Leu

70

His Gln Asn Asn Cys

85

Leu Val Pro Leu Tyr

100

Gly Ser Lys Lys Gln

120

Ala Pro Ser Ala Leu

135

Pro Ser Leu Gln His
150

Tyr Ser Pro Arg Gly

165

Ala Val Met Met Ser

180

Leu Val Tyr Thr Arg

200

Pro Tyr Gln Ser Gln

215

Val Ser Ile Phe Phe
230

D NO 79
H: 783
DNA

olypeptide

Ser Asp Ala
10

Pro Asn Leu
25

Cys Phe Asp

Thr Leu Cys

His Val Gln

75

Pro Val Cys
90

Gly Arg Gly
105

Asp Ala Leu

Arg Asn Pro

Gln Thr Leu

155

Phe Thr Thr
170

Phe Leu Tyr
185

Ile Phe Gly

Arg Met Met

Leu Cys Cys
235

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G1537

<400> SEQUENCE: 79

atggaaaacg

cagatcacge

attcagcaga

tactggttce

tacttcaatc

gtgggttgtg

ggaagtgtat

tacgagaaac

gccacaagaa

aagtaaacgc

tactggaaaa

tcaccggtag

agaaccataa

gectecteca

tcagtcegta

acacaaacga

ggacagtcac

tgccaattte

aggaacagca

tctttacaag

gettegtgeyg

ggctaggcaa

caaaacctcce

ctatttacag

tcttettecac

acaacatcag

tccgagttea

agcagttcaa

gaaggaatac

tacggccata

cgccaaaage

cgtttettet

caagcaagtyg

agaaacaatg

aaacaacttt

ctcagatttyg

Gln Arg Ala

Thr Thr Ala
30

Cys Asn Ile
45

Gly His Leu
60

Leu Ser Ser

Lys Ser Asn

Met Ser Ser
110

Ser Thr Asp
125

Ile Thr Ser
140

Ser Pro Ser

Thr Glu Ser

Pro Val Ile
190

Thr Phe Thr
205

Gln Arg Glu
220

Ile Ile Leu

gatggaacce
gaactccgag
tcgaaggtaa
agaaacagga
accccectee
atcatcatat
tgatgattcc
cagacataag

acagatttge

His Asp
15

Pro Thr

Cys Leu

Phe Cys

Val Ser
80

Ile Thr
95

Pro Ser

Ile Pro

Ala Ser

Phe His
160

Thr Asp
175

Gly Met

Asn Thr

Lys Ser

Cys Leu
240

aacgaaagat
cgcecgatcag
aaacgtcttt
gegeatgget
ttgctcaaac
gaatcaacat
aagtggtgge
aacaacagca

cctecgtgat

60

120

180

240

300

360

420

480

540
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US 9,447,425 B2

-continued

246

aactgttatg

tttectette

cttggtagtyg

attgatttet

taa

<210>
<211>
<212>
<213>
<220>
<223>

ceggtgagga
agcctttgaa
attcteceggt

tttetggtyy

PRT

<400> SEQUENCE:

Met

1

Pro

Ile

Arg

Asn

65

Tyr

Pro

Ser

Leu

Thr

145

Ala

Ala

Ser

Ser

Ser

225

Ile

Gly

<210>
<211>
<212>
<213>
<220>
<223>

Glu

Thr

Arg

Ala

50

His

Phe

Cys

Asp

His

130

Val

Thr

Leu

Gly

Asn

210

Pro

Asp

Asn

Asn

Lys

Thr

35

Tyr

Lys

Asn

Ser

His

115

Arg

Thr

Arg

Arg

Arg

195

Ala

Val

Phe

Gly

Glu

Asp

20

Pro

Gly

Ala

Arg

Asn

100

His

Asn

Gln

Met

Asp

180

Lys

Asp

Asp

Phe

Leu
260

SEQ ID NO 80
LENGTH:
TYPE :
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G1537 polypeptide

260

80

Val

Gln

Ser

His

Arg

Leu

85

Val

Met

Asn

His

Pro

165

Asn

Thr

Gly

Cys

Ser
245

SEQ ID NO 81
LENGTH:
TYPE: DNA
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G2136

739

Asn

Ile

Ala

Ile

Gln

70

Leu

Gly

Asn

Val

Gln

150

Ile

Cys

Leu

Met

Ser

230

Gly

Ala

Thr

Asp

Glu

55

Arg

His

Cys

Gln

Met

135

Lys

Ser

Tyr

Pro

Gly

215

Ser

Gly

cattaacgtc

tgcaagtaat

ggattgttet

ttctacttcet

Gly

Leu

Gln

40

Gly

Gln

Lys

Val

His

120

Ile

Gln

Pro

Ala

Leu

200

Ser

Asp

Ser

aattccagtyg

getgatggta

agcgatggag

actcgttteg

Thr

Leu

25

Ile

Lys

Lys

Thr

Ser

105

Gly

Pro

Leu

Ser

Gly

185

Phe

Ser

Gly

Thr

Ala

10

Glu

Gln

Asn

Gln

Ser

90

Pro

Ser

Ser

Ser

Ser

170

Glu

Pro

Ser

Ala

Ser
250

Ser

Asn

Gln

Val

Lys

75

Arg

Tyr

Val

Gly

Asp

155

Leu

Asp

Leu

Phe

Gly

235

Thr

gacggaaaac

tgggaagttce

ceggecgaga

atagtaatgg

Ser

Leu

Ile

Phe

60

Gln

Phe

Tyr

Tyr

Gly

140

Ile

Arg

Ile

Gln

Ala

220

Arg

Arg

Ser

Tyr

Thr

45

Tyr

Glu

Phe

Leu

Thr

125

Tyr

Arg

Phe

Asn

Pro

205

Leu

Glu

Phe

Arg

Lys

30

Gly

Trp

Arg

Tyr

Gln

110

Asn

Glu

Thr

Asp

Val

190

Leu

Gly

Gln

Asp

actccctett

cagttttgee

gcagcegttt

taatgggttyg

Trp

15

Glu

Arg

Phe

Met

Pro

95

Gln

Asp

Lys

Thr

Arg

175

Asn

Asn

Ser

Pro

Ser
255

Asn

Gly

Leu

Gln

Ala

80

Pro

Ala

Leu

Arg

Ala

160

Phe

Ser

Ala

Asp

Phe

240

Asn

600

660

720

780

783
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<400> SEQUENCE: 81
acaaaaatct cttgttcttce ttgtcttcaa tatggaggat ggggaagctt caacaatcac 60
tttcttacca accacggaac caaaacccct acaaaaccct aacttgctgyg ccaaaccaaa 120
aaaagagact aaacaaaaaa aacctaaaac caccaaaggt cgacagaaga tagagatcaa 180
ggagatcatyg ctggagaccc gaaggcaagt gacgttttcce aaacgacgat ccgggetttt 240
caaaaaagcg gcagaattaa gecgttctetg cggegcacag attggtatca taacgtttte 300
acgttgcgat aggatctact cgtttggtaa cgtgaactca ctcatcgata aatacttgcg 360
taaggctceg gtgatgctga ggtcacatce cggtggtaac gtggcaaacyg gagaggaaga 420
taacgacggt ttgatgtggt gggagagagc ggtggagagt gtgccggagyg agcatatgga 480
agagtacaag aatgccttga gtgtgttaag ggagaatttyg ttgacgagga tctaccagat 540
gagtggtgat cggacggttg agaatcttcc ggcatttcca aatgagatgg ctatggctga 600
ctggaaatta acgaatgaaa atctgatgge taggaacgat cgaggttatg gaggtaacaa 660
tggtgatttg gagtttgcgt ttatgcctca aaacggtaga cagtgaggtg ttttttettt 720
aatttattat tacagtttg 739
<210> SEQ ID NO 82
<211> LENGTH: 224
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2136 polypeptide
<400> SEQUENCE: 82
Met Glu Asp Gly Glu Ala Ser Thr Ile Thr Phe Leu Pro Thr Thr Glu
1 5 10 15
Pro Lys Pro Leu Gln Asn Pro Asn Leu Leu Ala Lys Pro Lys Lys Glu
20 25 30
Thr Lys Gln Lys Lys Pro Lys Thr Thr Lys Gly Arg Gln Lys Ile Glu
35 40 45
Ile Lys Glu Ile Met Leu Glu Thr Arg Arg Gln Val Thr Phe Ser Lys
50 55 60
Arg Arg Ser Gly Leu Phe Lys Lys Ala Ala Glu Leu Ser Val Leu Cys
65 70 75 80
Gly Ala Gln Ile Gly Ile Ile Thr Phe Ser Arg Cys Asp Arg Ile Tyr
85 90 95
Ser Phe Gly Asn Val Asn Ser Leu Ile Asp Lys Tyr Leu Arg Lys Ala
100 105 110
Pro Val Met Leu Arg Ser His Pro Gly Gly Asn Val Ala Asn Gly Glu
115 120 125
Glu Asp Asn Asp Gly Leu Met Trp Trp Glu Arg Ala Val Glu Ser Val
130 135 140
Pro Glu Glu His Met Glu Glu Tyr Lys Asn Ala Leu Ser Val Leu Arg
145 150 155 160
Glu Asn Leu Leu Thr Arg Ile Tyr Gln Met Ser Gly Asp Arg Thr Val
165 170 175
Glu Asn Leu Pro Ala Phe Pro Asn Glu Met Ala Met Ala Asp Trp Lys
180 185 190
Leu Thr Asn Glu Asn Leu Met Ala Arg Asn Asp Arg Gly Tyr Gly Gly
195 200 205
Asn Asn Gly Asp Leu Glu Phe Ala Phe Met Pro Gln Asn Gly Arg Gln
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250

210

<210> SEQ ID NO 83
<211> LENGTH: 1366

<212> TYPE:

DNA

215

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2147

<400> SEQUENCE: 83

ctgtgattgt

gaagaaagag

ttgtcagttt

aagagctcac

caaccacctce

ctgtggttca

gtccaaacca

aagaaatgga

ctgcaagtge

agacagctag

aaggagatga

cagcagcgat

gaacacttca

atgttatcga

acttgccaca

aacaccaaca

agatgtecgtt

gaggtttagt

actgcaccaa

caatgaatat

aaacaacaaa

agtctagega

gattgtaaaa

caagagtttg

agaagagaga

attctetgea

atgggaaaat

gaataaccct

tcaagegget

caattatgag

ccgatggtte

gagtggtacc

aaccggagac

acaagagaca

tcacaacgag

gaagctgett

acacttgaaa

acaaatgatg

acaacaacaa

gettgcaaca

tcctectect

cggttettea

ggatctctac

ggtaaatatc

cctagtatta

actgttttga

<210> SEQ ID NO 84
<211> LENGTH: 366

<212> TYPE

PRT

aacacacaaa

aggtccaata

aacgtgcgge

gggcaactaa

atttggactc

ctacagcage

agcaaggatg

getgttcaag

aatatgtett

agagactatt

agaggagaag

tccgaaagga

cctactgeaa

cagctacaag

attccgcaac

caacagcagc

atggcaagaa

cctectecac

gccacattat

aataaaatgg

ggcatgecett

ttgatccata

gtatggaaaa

gaagaaagaa

atagagagaa

ctaagtaaca

cegtteatgyg

aaagtctcaa

caagcaagtt

gatcttgtte

aggagagcca

gggegtettt

tcegetetygy

caggtagatc

gacggcgtga

gtaaggcgga

cacaagtaca

tacctccacce

agcagcagca

tgggaatggg

caatgatggt

ctgatccata

cagcagctat

caagttctte

tatatagttc

agacttgcag

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2147 polypeptide

<400> SEQUENCE: 84

Met Ser Asn Tyr Gly Val Lys Glu

1

5

Thr Val His Gly Leu Gly Asp Glu

20

Pro Ile Trp Thr Gln Ser Leu Asn

35

40

Val His Gln Ala Ala Leu Gln Gln

50

55

Leu Thr Trp
10

Val Glu Pro
25

Gly Cys Glu

Pro Ser Lys

220

gaactcaaca tttcaagcaa

caaaaaaaaa gagagcttaa

catgtcgaat tatggagtta

tctaggcgac gaagtagaac

cggttgtgag actttggagt

tcagctgcag agtccgaatg

aagaaaacgc ggttatcctce

tagagttggce cacagcgtca

tgaatccggt cggagcettga

atcggaaact caagatactg

taatggacga cggggacgag

taggataaac cagaggatga

taaagtctca atcttggatg

gttcatgage ctaagagcca

acagtcagtt ctcagcatcc

acaacagcag caacagtttce

aggtggtgga aatggttatg

ccctectatyg ggtaacagag

cagcgecttt ttegcacaga

ctatagacaa cagtctgatc

gaatcatgag aaaagagatt

ttgaaagatt gttgtatcat

ataaaa

Glu

Thr

Thr

Phe
60

Asn

Thr

Leu

45

Gln

Gly Gln Leu
15

Ser Asn Asn
30

Glu Ser Val

Leu Gln Ser

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1366
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-continued

Pro Asn Gly Pro Asn His Asn Tyr Glu Ser Lys Asp Gly Ser Cys Ser
65 70 75 80

Arg Lys Arg Gly Tyr Pro Gln Glu Met Asp Arg Trp Phe Ala Val Gln
85 90 95

Glu Glu Ser His Arg Val Gly His Ser Val Thr Ala Ser Ala Ser Gly
100 105 110

Thr Asn Met Ser Trp Ala Ser Phe Glu Ser Gly Arg Ser Leu Lys Thr
115 120 125

Ala Arg Thr Gly Asp Arg Asp Tyr Phe Arg Ser Gly Ser Glu Thr Gln
130 135 140

Asp Thr Glu Gly Asp Glu Gln Glu Thr Arg Gly Glu Ala Gly Arg Ser
145 150 155 160

Asn Gly Arg Arg Gly Arg Ala Ala Ala Ile His Asn Glu Ser Glu Arg
165 170 175

Arg Arg Arg Asp Arg Ile Asn Gln Arg Met Arg Thr Leu Gln Lys Leu
180 185 190

Leu Pro Thr Ala Ser Lys Ala Asp Lys Val Ser Ile Leu Asp Asp Val
195 200 205

Ile Glu His Leu Lys Gln Leu Gln Ala Gln Val Gln Phe Met Ser Leu
210 215 220

Arg Ala Asn Leu Pro Gln Gln Met Met Ile Pro Gln Leu Pro Pro Pro
225 230 235 240

Gln Ser Val Leu Ser Ile Gln His Gln Gln Gln Gln Gln Gln Gln Gln
245 250 255

Gln Gln Gln Gln Gln Gln Gln Gln Gln Phe Gln Met Ser Leu Leu Ala
260 265 270

Thr Met Ala Arg Met Gly Met Gly Gly Gly Gly Asn Gly Tyr Gly Gly
275 280 285

Leu Val Pro Pro Pro Pro Pro Pro Pro Met Met Val Pro Pro Met Gly
290 295 300

Asn Arg Asp Cys Thr Asn Gly Ser Ser Ala Thr Leu Ser Asp Pro Tyr
305 310 315 320

Ser Ala Phe Phe Ala Gln Thr Met Asn Met Asp Leu Tyr Asn Lys Met
325 330 335

Ala Ala Ala Ile Tyr Arg Gln Gln Ser Asp Gln Thr Thr Lys Val Asn
340 345 350

Ile Gly Met Pro Ser Ser Ser Ser Asn His Glu Lys Arg Asp
355 360 365

<210> SEQ ID NO 85

<211> LENGTH: 396

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G377

<400> SEQUENCE: 85

atgggtctet cgcattttcce aacagegtca gaaggagtac taccacttcet ggtgatgaac 60
acggttgttt caatcactct gttgaagaac atggtgaggt ctgtttttca aattgttgca 120
tcecgagactyg aatcttcecat ggagatagac gacgagectyg aagatgattt tgttactaga 180
agaatctcga taacacagtt caagtctcta tgtgagaaca tagaagagga agaagaagag 240

aaaggtgtgg agtgttgtgt gtgectttgt gggtttaaag aggaagagga agtgagtgag 300

ttggtttett gcaagcattt cttecacaga gettgtetag acaactggtt tggtaataac 360
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cacaccacat gcectetttg caggtcecatt ctetag

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 86
H: 131
PRT

RE:

<223> OTHER INFORMATION: G377 polypeptide

<400> SEQUENCE: 86

Met Gly Leu
1

Leu Val Met
Arg Ser Val
35

Ile Asp Asp
50

Thr Gln Phe
65

Lys Gly Val
Glu Val Ser
Leu Asp Asn

115
Ser Ile Leu

130

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

Ser His Phe Pro Thr

Asn Thr Val Val Ser

20

Phe Gln Ile Val Ala

40

Glu Pro Glu Asp Asp

55

Lys Ser Leu Cys Glu

70

Glu Cys Cys Val Cys

85

Glu Leu Val Ser Cys

100

Trp Phe Gly Asn Asn

D NO 87
H: 1444
DNA

RE:

120

<223> OTHER INFORMATION: G962

<400> SEQUENCE: 87

cgtegactet

ataaaaacca

catacacata

cccatgagta

ggccaagaga

atgcceggat

aaagttgaag

gatccttggyg

ccaagagatc

tggaaagcca

aagaaaaccc

atgaacgagt

ttgtgccgag

tccacaagac

caacaccatt

ctactcaaca

agcaaaccct

tctagtettt

accaagtcaa

gtcatgtcca

ttagattcca

gcaaacgcett

aacttectge

ggaaatatag

ccggagetga

tagttttcta

atcgtettee

tgtacaaaag

atcataacca

catcctecte

ccactcaatt

taatcacttt

ttgatatatg

caataacgaa

aaatgaagat

tcctaccgaa

taatgtagaa

tatggcggcg

aaatggagat

taggatgatc

ctctggtaaa

gcaccatgaa

gccaggagta

taactcatcg

taatcattcc

Ala

Ile

25

Ser

Phe

Asn

Leu

Lys

105

His

Ser

10

Thr

Glu

Val

Ile

Cys

90

His

Thr

Glu

Leu

Thr

Thr

Glu

75

Gly

Phe

Thr

tcatctctct

tcatcatcat

gcaattgtat

aaaggtatag

gaagctgatg

gaagaactca

ctcatcactt

ataggagaga

agaccgaacc

agatcggaga

geccectaaag

accgagaagt

gaagatcatc

acatcatccc

gacaacaacc

Gly Val Leu

Leu Lys Asn
30

Glu Ser Ser
45

Arg Arg Ile
60

Glu Glu Glu

Phe Lys Glu

Phe His Arg
110

Cys Pro Leu
125

ttttcectte
atatcacctt
cctecacaac
aagacaatga
atcatgatca
tagagtttta
tcctegatet
aagagtggta
gagtaacgac
ctteteggee
gcactcgtac
accaaaaggc
catcggtacce
gtttagectt

ttaacaacaa

Pro Leu
15

Met Val

Met Glu

Ser Ile

Glu Glu
80

Glu Glu
95

Ala Cys

Cys Arg

cattgttagt
aatccacatg
aagcatcatt
tcatagagge
tgacatggtce
ccttegecga
ttatcgetat
cttetatgtyg
ttcaggatat
tatcggatta
tagttggatc
tgaaatatca
acgttcetete
aagacaacaa

caacaacatc

396

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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aacaatcteg agaagctctce caccgaatat tecggcgacyg gcagcacaac aacaacgace 960
acaaacagta actctgacgt taccattgct ctagccaatc aaaacatata tcgtccaatg 1020
ccttacgaca caagcaacaa cacattgata gtctctacga gaaatcatca agacgatgat 1080
gaaactgcca ttgttgacga tcttcaaaga ctagttaact accaaatatc agatggaggt 1140
aacatcaatc accaatactt tcaaattgct caacagtttc atcatactca acaacaaaat 1200
gctaacgcaa acgcattaca attggtggct gcggcgacta cagcgacaac gctaatgect 1260
caaactcaag cggcgttagc tatgaacatg attcctgcag gaacgattcc aaacaatgcet 1320
ttgtgggata tgtggaatcc aatagtacca gatggaaaca gagatcacta tactaatatt 1380
ccttttaagt aatttaatta gatcatgatt attatccatg acaataatta atgctgecttt 1440
gcge 1444

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 88
H: 414
PRT

RE:

<223> OTHER INFORMATION: G962 polypeptide

<400> SEQUENCE: 88

Met Ala Ile
1

Val Asn Asn
Gln Glu Ser
35

Asp Met Val
50

Ile Glu Phe
65

Glu Leu Ile

Pro Ala Met

Arg Asp Arg

115

Ser Gly Tyr
130

Thr Ser Arg
145

Lys Ala Pro

Leu Pro His
Cys Arg Val
195

Arg Ser Leu
210

Arg Leu Ala
225

Ser Asp Asn

Val Ser Ser Thr Thr

Asn Glu Lys Gly Ile

20

His Val Gln Asn Glu

40

Met Pro Gly Phe Arg

55

Tyr Leu Arg Arg Lys

70

Thr Phe Leu Asp Leu

85

Ala Ala Ile Gly Glu

100

Lys Tyr Arg Asn Gly

120

Trp Lys Ala Thr Gly

135

Pro Ile Gly Leu Lys
150

Lys Gly Thr Arg Thr

165

His Glu Thr Glu Lys

180

Tyr Lys Arg Pro Gly

200

Ser Thr Arg His His

215

Leu Arg Gln Gln Gln
230

Asn Leu Asn Asn Asn

245

Ser

Glu

25

Asp

Phe

Val

Tyr

Lys

105

Asp

Ala

Lys

Ser

Tyr

185

Val

Asn

His

Asn

Ile

10

Asp

Glu

His

Glu

Arg

Glu

Arg

Asp

Thr

Trp

170

Gln

Glu

His

His

Asn
250

Ile

Asn

Ala

Pro

Gly

75

Tyr

Trp

Pro

Arg

Leu

155

Ile

Lys

Asp

Asn

Ser
235

Ile

Pro Met Ser

Asp His Arg

Asp Asp His

45

Thr Glu Glu
60

Lys Arg Phe

Asp Pro Trp

Tyr Phe Tyr

110

Asn Arg Val
125

Met Ile Arg
140

Val Phe Tyr

Met Asn Glu

Ala Glu Ile
190

His Pro Ser
205

Ser Ser Thr
220

Ser Ser Ser

Asn Asn Leu

Asn Gln
15

Gly Gly

Asp His

Glu Leu

Asn Val
80

Glu Leu
95

Val Pro

Thr Thr

Ser Glu

Ser Gly
160

Tyr Arg
175

Ser Leu

Val Pro

Ser Ser

Asn His

240

Glu Lys
255
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Leu Ser Thr
Asn Ser Asn
275

Arg Pro Met
290

Arg Asn His
305

Arg Leu Val

Tyr Phe Gln

Asn Ala Asn

355

Leu Met Pro
370

Gly Thr Ile
385

Pro Asp Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Glu Tyr Ser Gly Asp

260

Ser Asp Val Thr Ile

280

Pro Tyr Asp Thr Ser

295

Gln Asp Asp Asp Glu
310

Asn Tyr Gln Ile Ser

325

Ile Ala Gln Gln Phe

340

Ala Leu Gln Leu Val

360

Gln Thr Gln Ala Ala

375

Pro Asn Asn Ala Leu
390

Asn Arg Asp His Tyr

405
D NO 89
H: 768

DNA

RE:

<223> OTHER INFORMATION: G975

<400> SEQUENCE: 89

attactcatc

gtacagacga

attcgtcatce

gcagcaagag

tttccectea

tcgtccacaa

ctgaggaaat

agctcccata

atgacggtgg

gacgctatte

gatgaggaag

ttatttgett
ataccgtgta

<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

atcaagttcc

agaagttcag

ctctettgaa

catacgacga

acaacaacaa

tgtcatccte

getgcaagte

tcggegtetyg

agctaggtcc

ttgctecgac

aaaaggttge

atatatatgt

ttttatagat

D NO 90
H: 199
PRT

RE:

tactttctet

aggtgtcagg

acggaggatt

ggcegeegtt

caccggagaa

aacatcatct

tcctteccca

gcagaaacgg

cgcaagctec

cactgaagtt

tttgcaaatg

acctattttce

gttttatatt

Gly

265

Ala

Asn

Thr

Asp

His

345

Ala

Leu

Trp

Thr

thaliana

Ser

Leu

Asn

Ala

Gly

330

His

Ala

Ala

Asp

Asn
410

Thr

Ala

Thr

Ile

315

Gly

Thr

Ala

Met

Met

395

Ile

ctgacaaaca

caacgccatt

tggctaggga

ttaatgagcg

acttccgagyg

tcatcgetet

tcecctecacct

geeggttcaa

tcccaagaga

gaaattggtyg

atagaggagc

attgctgatt

aaaaggttgt

<223> OTHER INFORMATION: G975 polypeptide

<400> SEQUENCE: 90

Thr Thr Thr
270

Asn Gln Asn
285

Leu Ile Val
300

Val Asp Asp

Asn Ile Asn

Gln Gln Gln

350

Thr Thr Ala
365

Asn Met Ile
380

Trp Asn Pro

Pro Phe Lys

tcacagagta
ggggttcttg
cgttcegagac
gecgcaacgce
gcaaaaccga
cttecatect
gecteegtet
agtctgactce
ctactagtaa
gcagcagaga
ttctcaatac
tacagccaaa

tagatata

Thr Thr

Ile Tyr

Ser Thr

Leu Gln

320

His Gln
335

Asn Ala

Thr Thr

Pro Ala

Ile Val
400

agtaagaatg
ggtcgetgag
cgcagaggag
caaaaccaac
tatttcagcet
cagcgccaaa
tgacacagce
cagctgggte
agcttcacaa
agaagtattg
aaactaaatc

ataatcaatt

Met Val Gln Thr Lys Lys Phe Arg Gly Val Arg Gln Arg His Trp Gly

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

768
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260

Ser

Leu

Ala

Asn

65

Ala

Ile

Leu

Gln

Glu

145

Gln

Arg

Glu

Trp

Gly

Ala

50

Asn

Ser

Leu

Thr

Lys

130

Leu

Asp

Glu

Glu

Val

Thr

35

Val

Asn

Ser

Ser

Cys

115

Arg

Gly

Ala

Glu

Leu
195

Ala

Phe

Leu

Asn

Thr

Ala

100

Leu

Ala

Pro

Ile

Val

180

Leu

Glu

Glu

Met

Thr

Met

85

Lys

Arg

Gly

Ala

Leu

165

Leu

Asn

Ile

Thr

Ser

Gly

70

Ser

Leu

Leu

Ser

Ser

150

Ala

Asp

Thr

Arg

Ala

Gly

55

Glu

Ser

Arg

Asp

Lys

135

Ser

Pro

Glu

Asn

His

Glu

40

Arg

Thr

Ser

Lys

Thr

120

Ser

Ser

Thr

Glu

<210> SEQ ID NO 91
<211> LENGTH: 4011

<212> TYPE:
<213> ORGANISM: Arabidopsis

DNA

<220> FEATURE:
<223> OTHER INFORMATION: G987

<400> SEQUENCE: 91

atgggttett

ggaaacggat

ctagacccat

ttgaagtaca

catgatgett

tacccggttyg

agtagtcctg

tggagttttyg

agtaacttca

tcaagtttta

ttcaagaaag

gataactctyg

ttgactgaag

actgatatgt

cttaacgaga

ggcgaaaaac

atgctggttt

actcagctgg

cctatctaaa

atcctcaaca

taagccaagt

tatctcttca

atgattctga

gtggttette

attgtttgga

ttttteagte

geggtgattt

ggatggagga

ttcctaacag

aaagaagtaa

ttgacaatat

gtttccctaa

cggaagctag

cttgtgcetca

cttecectgga

tgatcaacct

gaatcttgcet

tcttatggaa

agcagctgag

tcagecetetyg

ttatgcttca

gaataatagg

tacatctact

ggtttctaat

agctagtaaa

attaaccgga

gaaacaatct

tctgatattt

ggaacctgeg

tggtaacagt

agctgttteg

Pro

25

Glu

Asn

Ser

Thr

Cys

105

Ala

Asp

Gln

Thr

Glu
185

thaliana

Leu

Ala

Ala

Glu

Ser

90

Cys

Ser

Ser

Glu

Glu

170

Lys

Leu

Ala

Lys

Gly

75

Ser

Lys

Ser

Ser

Thr

155

Val

Val

tccttggact

ttgttagata

tctgeggatyg

gaggacatgg

aagtctctet

actactacta

agcaccacaa

ccttettett

agagccagta

atgtttaatg

ttccttecta

aagaagagcc

gctatttatg

ggcgaggcta

aaagcttcaa

tatacaaaag

attaacgatc

Lys

Arg

Thr

60

Lys

Ser

Ser

His

Trp

140

Thr

Glu

Ala

Arg Arg Ile

Ala

45

Asn

Thr

Ser

Pro

Ile

125

Val

Ser

Ile

Leu

30

Tyr

Phe

Asp

Leu

Ser

110

Gly

Met

Lys

Gly

Gln
190

Asp

Pro

Ile

Ser

95

Pro

Val

Thr

Ala

Gly

175

Met

Trp

Glu

Leu

Ser

80

Ser

Ser

Trp

Val

Ser

160

Ser

Ile

ggtttgattt

ttggatctgt

ctgatttete

aagataagcc

atgaagctct

ctageettge

ccacttecte

ggttgcagac

geggtaacge

atactgactt

agagctctca

attggcgega

ttgatgaaac

aggaacaacc

cgtttagtaa

agacacctga

gtagaactgce

tcceggttta
tcctectect
tgattctgtt
ttgtatgttt
cggcgagaag
tcaattggtt
tgattcacaa

accgatceeg

ggttttcggg

ggcgttacaa

gttggttata

agaagaacat

tgatgagett

tgtatgcatt

gagtcctaaa

tttgaggaca

tgacgagcetyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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262

-continued
ttaagtcgga taaggcaaca ttcttcatct tacggcgatg gaacagagag attggctcat 1080
tattttgcta acagtcttga agcacgtttg gctgggatag gtacacaggt ttatactgcec 1140
ttgtcttcca agaaaacatc tacttctgac atgttgaaag cttatcagac atatatatca 1200
gtctgtcegt tcaagaaaat cgcaatcata ttcgccaacc atagtattat gcggttgget 1260
tcaagtgcta atgccaaaac catccacatc atagattttg gaatatctga tggtttccag 1320
tggccttete tgattcateg acttgcttgg agacgtggtt catcttgtaa gettcecggata 1380
accggtatag agttgcctca acgtggtttt agaccagcecg agggagttat tgagactggt 1440
cgtcgettgg ctaagtattg tcagaagttc aatattcegt ttgagtacaa tgcgattgceg 1500
cagaaatggg aatcaatcaa gttggaggac ttgaagctaa aagaaggcga gtttgttgceg 1560
gtaaactctt tatttcggtt taggaatctt ctagatgaga cggtggcagt gcatagcccg 1620
agagatacgg ttttgaagct gataaggaag ataaagccag acgtgttcat ccccgggatce 1680
ctcagcggat cctacaacgc gectttettt gtcacgaggt ttagagaagt tcetgtttcat 1740
tactcatctc tgtttgacat gtgtgacacg aatctaacac gggaagatcc aatgagggtt 1800
atgtttgaga aagagttcta tgggcgggag atcatgaacg tggtggcgtg tgaggggacg 1860
gagagagtgyg agaggccaga gagttataag cagtggcagg cgagggcgat gagagccggyg 1920
tttagacaga ttccgctgga gaaggaacta gttcagaaac tgaagttgat ggtggaaagt 1980
ggatacaaac ccaaagagtt tgatgttgat caagattgtc actggttgct tcagggctgg 2040
aaaggtagaa ttgtatacgg ttcatctatt tgggttcctt tetttttcta tgtgggcaga 2100
gcaactaggg ttttgatcat ggatccaaac ttctctgaat ctctaaacgg ctttgagtat 2160
tttgatggta accctaattt gcttactgat ccaatggaag atcagtatcc accaccatct 2220
gatactctgt tgaaatacgt gagtgagatt cttatggaag agagtaatgg agattataag 2280
caatctatgt tctatgattc attggcttta cgaaaaactg aagaaatgtt gcagcaagtc 2340
attactgatt ctcaaaatca gtcctttagt cctgctgatt cattgattac taattcttgg 2400
gatgcaagcg gaagcatcga tgaatcggcet tattcggctg atccgcaacc tgtgaatgaa 2460
attatggtta agagtatgtt tagtgatgca gaatcagctt tacagtttaa gaaaggggtt 2520
gaagaagcta gtaaattcct tcccaatagt gatcaatggg ttatcaatct ggatatcgag 2580
agatccgaaa ggcgcgattc ggttaaagaa gagatgggat tggatcagtt gagagttaag 2640
aagaatcatg aaagggattt tgaggaagtt aggagtagta agcaatttgc tagtaatgta 2700
gaagatagta aggttacaga tatgtttgat aaggttttgc ttcttgacgg tgaatgcgat 2760
ccgcaaacat tgttagacag cgagattcaa gcgattcgga gtagtaagaa cataggagag 2820
aaagggaaga agaagaagaa gaagaagagt caagtggttg attttcgtac acttctcact 2880
cattgtgcac aagccatttc cacaggagat aaaaccacgg ctcttgagtt tcectgttacag 2940
ataaggcaac agtcttcgcc tcectcggtgac gcggggcaaa gactagctca ttgttteget 3000
aacgcgcecttg aagctcgtet acagggaagt accggtcecta tgatccagac ttattacaat 3060
gctttaacct cgtecgttgaa ggatactgct gcggatacaa ttagagcgta tcgagtttat 3120
ctttecttegt ctcecegtttgt taccttgatg tatttcecttet ccatctggat gattcttgat 3180
gtggctaaag atgctcctgt tcttcatata gttgattttg ggattctata cgggtttcaa 3240
tggccgatgt ttattcagtc tatatcagat cgaaaagatg taccgcggaa gctgcggatt 3300
actggtatcg agcttcctca gtgcgggttt cggcccgegg agcgaataga ggagacagga 3360
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264

-continued
cggagattgg ctgagtattg taaacggttt aatgttccegt ttgagtacaa agccattgceg 3420
tctcagaact gggaaacaat ccggatagaa gatctcgata tacgaccaaa cgaagtctta 3480
gcggttaatg ctggacttag actcaagaac cttcaagatg aaacaggaag cgaagagaat 3540
tgcccgagag atgctgtett gaagctaata agaaacatga acccggacgt tttcatccac 3600
gcgattgtca acggttcatt caacgcaccc ttctttatet cgecggtttaa agaagcggtt 3660
taccattact ccgctctett cgacatgttt gattcgacgt tgcctcggga taacaaagag 3720
aggattaggt tcgagaggga gttttacggg agagaggcta tgaacgtgat agcgtgcgag 3780
gaagctgatc gagtggagag gcctgagact tacaggcaat ggcaggttag aatggttaga 3840
gccgggttta agcagaaaac gattaagect gagctggtag agttgtttag aggaaagcetg 3900
aagaaatggc gttaccataa agactttgtg gttgatgaaa atagtaaatg gttgttacaa 3960
ggctggaaag gtcgaactct ctatgcttet tettgttggg ttectgecta g 4011

<210> SEQ ID NO 92
<211> LENGTH: 1336

<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

PRT

<220> FEATURE:
<223> OTHER INFORMATION: G987 polypeptide

<400> SEQUENCE: 92

Met Gly Ser Tyr Ser Ala Gly Phe

1

5

Phe Pro Gly Leu Gly Asn Gly Ser

20

Asp Ile Gly Ser Val Pro Pro Pro

35

Leu Ala Ser

50

Ser Gln Val

65

His Asp Ala

40

Ala Asp Ala Asp Phe

55

Leu Met Glu Glu Asp

70

Leu Ser Leu Gln Ala

Leu Gly Glu Lys Tyr Pro Val Asp

Thr Thr Ser
115

Ala Ser Ser

130

100

Leu Ala Gln Leu Val

120

Thr Thr Thr Thr Ser

135

Cys Leu Glu Asn Asn Arg Pro Ser
150

145

Ser Asn Phe

Ala Val Phe

Asn Asp Thr

195

Ser Lys Phe

210

Pro Asn Arg

225

Ile Phe Gln Ser Thr

165

Gly Ser Ser Phe Ser

180

Asp Leu Ala Leu Gln

200

Leu Pro Lys Ser Ser

215

Leu Thr Gly Lys Lys
230

Leu Thr Glu Glu Arg Ser Lys Lys

245

Pro

Tyr

25

Leu

Ser

Met

Ala

Asp

105

Ser

Ser

Ser

Ser

Gly

185

Phe

Gln

Ser

Gln

Gly

10

Leu

Asp

Asp

Glu

Glu

90

Ser

Ser

Asp

Trp

Thr

170

Asp

Lys

Leu

His

Ser
250

Ser

Asn

Pro

Ser

Asp

75

Lys

Asp

Pro

Ser

Leu

155

Arg

Leu

Lys

Val

Trp
235

Ala

Leu Asp Trp

Asp Gln Pro
30

Tyr Pro Gln
45

Val Leu Lys
60

Lys Pro Cys

Ser Leu Tyr

Gln Pro Leu
110

Gly Gly Ser
125

Gln Trp Ser
140

Gln Thr Pro

Ala Ser Ser

Val Ser Asn
190

Gly Met Glu
205

Ile Asp Asn
220

Arg Glu Glu

Ile Tyr Val

Phe Asp
15

Leu Leu

Gln Asn

Tyr Ile

Met Phe
80

Glu Ala
95

Thr Thr

Ser Tyr

Phe Asp

Ile Pro
160

Gly Asn
175

Met Phe

Glu Ala

Ser Val

Glu His

240

Asp Glu
255
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265

-continued

266

Thr

Ala

Pro

Glu

305

Met

Ala

Asp

Arg

Lys

385

Met

Phe

Ala

Leu

465

Arg

Asn

Leu

Asn

Leu

545

Leu

Thr

Arg

Arg

625

Phe

Met

Asp

Lys

Ala

290

Ala

Leu

Asp

Gly

Leu

370

Thr

Cys

Arg

Gly

Trp

450

Pro

Arg

Ala

Lys

Leu

530

Lys

Ser

Leu

Arg

Glu
610
Pro

Arg

Val

Glu

Glu

275

Lys

Ser

Val

Glu

Thr

355

Ala

Ser

Pro

Leu

Ile

435

Arg

Gln

Leu

Ile

Glu

515

Leu

Leu

Gly

Phe

Glu

595

Ile

Glu

Gln

Glu

Leu

260

Gln

Ala

Gly

Ser

Leu

340

Glu

Gly

Thr

Phe

Ala

420

Ser

Arg

Arg

Ala

Ala

500

Gly

Asp

Ile

Ser

His

580

Asp

Met

Ser

Ile

Ser
660

Thr

Pro

Ser

Asn

Cys

325

Leu

Arg

Ile

Ser

Lys

405

Ser

Asp

Gly

Gly

Lys

485

Gln

Glu

Glu

Arg

Tyr

565

Tyr

Pro

Asn

Tyr

Pro
645

Gly

Val

Thr

Ser

310

Ala

Ser

Leu

Gly

Asp

390

Lys

Ser

Gly

Ser

Phe

470

Tyr

Lys

Phe

Thr

Lys

550

Asn

Ser

Met

Val

Lys
630

Leu

Tyr

Met Phe Asp Asn Ile Leu Ile Phe Gly
265 270

Cys Ile Leu Asn Glu Ser Phe Pro Lys
280 285

Phe Ser Lys Ser Pro Lys Gly Glu Lys
295 300

Tyr Thr Lys Glu Thr Pro Asp Leu Arg
315

Gln Ala Val Ser Ile Asn Asp Arg Arg
330 335

Arg Ile Arg Gln His Ser Ser Ser Tyr
345 350

Ala His Tyr Phe Ala Asn Ser Leu Glu
360 365

Thr Gln Val Tyr Thr Ala Leu Ser Ser
375 380

Met Leu Lys Ala Tyr Gln Thr Tyr Ile
395

Ile Ala Ile Ile Phe Ala Asn His Ser
410 415

Ala Asn Ala Lys Thr Ile His Ile Ile
425 430

Phe Gln Trp Pro Ser Leu Ile His Arg
440 445

Ser Cys Lys Leu Arg Ile Thr Gly Ile
455 460

Arg Pro Ala Glu Gly Val Ile Glu Thr
475

Cys Gln Lys Phe Asn Ile Pro Phe Glu
490 495

Trp Glu Ser Ile Lys Leu Glu Asp Leu
505 510

Val Ala Val Asn Ser Leu Phe Arg Phe
520 525

Val Ala Val His Ser Pro Arg Asp Thr
535 540

Ile Lys Pro Asp Val Phe Ile Pro Gly
555

Ala Pro Phe Phe Val Thr Arg Phe Arg
570 575

Ser Leu Phe Asp Met Cys Asp Thr Asn
585 590

Arg Val Met Phe Glu Lys Glu Phe Tyr
600 605

Val Ala Cys Glu Gly Thr Glu Arg Val
615 620

Gln Trp Gln Ala Arg Ala Met Arg Ala
635

Glu Lys Glu Leu Val Gln Lys Leu Lys
650 655

Lys Pro Lys Glu Phe Asp Val Asp Gln
665 670

Glu

Glu

Pro

Thr

320

Thr

Gly

Ala

Lys

Ser

400

Ile

Asp

Leu

Glu

Gly

480

Tyr

Lys

Arg

Val

Ile

560

Glu

Leu

Gly

Glu

Gly
640

Leu

Asp
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268

Cys

Ser

Leu

705

Phe

Pro

Glu

Ala

Gln

785

Asp

Pro

Ala

Asn

Arg

865

Lys

Ala

Leu

Ile

Lys

945

Phe

Gln

Gly

Ser

Ser

Phe

His

Ile
690

Ile

Asp

Pro

Glu

Leu

770

Asn

Ala

Val

Leu

Ser

850

Asp

Asn

Ser

Leu

Gln

930

Lys

Cys

Leu

Arg

Ser
1010

Ser
1025

Tyr
1040

Ile
1055

Ile
1070

Ile

Trp

675

Trp

Met

Gly

Pro

Ser

755

Arg

Gln

Ser

Asn

Gln

835

Asp

Ser

His

Asn

Leu

915

Ala

Lys

Ala

Leu

Leu

995

Thr

Leu

Leu

Trp

Val

Gln

Leu

Val

Asp

Asn

Ser

740

Asn

Lys

Ser

Gly

Glu

820

Phe

Gln

Val

Glu

Val

900

Asp

Ile

Lys

Gln

Gln

980

Ala

Leu

Pro

Pro

Pro

725

Asp

Gly

Thr

Phe

Ser

805

Ile

Lys

Trp

Lys

Arg

885

Glu

Gly

Arg

Lys

Ala

965

Ile

His

Gly Pro

Lys

Ser

Met

Asp

Ser

Asp

Ser

Ile

Phe

Ile

Gln

Phe

Asn

710

Asn

Thr

Asp

Glu

Ser

790

Ile

Met

Lys

Val

Glu

870

Asp

Asp

Glu

Ser

Ser

950

Ile

Arg

Cys

Met

Thr

Ser

Gly

Phe

695

Phe

Leu

Leu

Tyr

Glu

775

Pro

Asp

Val

Gly

Ile

855

Glu

Phe

Ser

Cys

Ser

935

Gln

Ser

Gln

Phe

Ile

101

Ala
103

Pro
104

Leu Asp

106

Gly Ile

Ser

107

Asp

Trp

680

Phe

Ser

Leu

Leu

Lys

760

Met

Ala

Glu

Lys

Val

840

Asn

Met

Glu

Lys

Asp

920

Lys

Val

Thr

Gln

Ala

1000

Gl
5

Al
0

Phe

5

Va
0

Le
5

Ar

Lys

Tyr

Glu

Thr

Lys

745

Gln

Leu

Asp

Ser

Ser

825

Glu

Leu

Gly

Glu

Val

905

Pro

Asn

Val

Gly

Ser
985

Asn Ala Leu Glu Ala

n Thr

a Asp

1 Ala

u Tyr

g Lys

Val

Gly

Val

Ser

Asp

730

Tyr

Ser

Gln

Ser

Ala

810

Met

Glu

Asp

Leu

Val

890

Thr

Gln

Ile

Asp

Asp

970

Ser

Tyr

Thr

Thr

Lys

Gly

Asp

Arg

Gly

Leu

715

Pro

Val

Met

Gln

Leu

795

Tyr

Phe

Ala

Ile

Asp

875

Arg

Asp

Thr

Gly

Phe

955

Lys

Pro

Tyr

Ile

Leu

Asp

Phe

Val

Ile

Arg

700

Asn

Met

Ser

Phe

Val

780

Ile

Ser

Ser

Ser

Glu

860

Gln

Ser

Met

Leu

Glu

940

Arg

Thr

Leu

Val

685

Ala

Gly

Glu

Glu

Tyr

765

Ile

Thr

Ala

Asp

Lys

845

Arg

Leu

Ser

Phe

Leu

925

Lys

Thr

Thr

Gly

10

1020

Arg

1035

Met

1050

Ala

1065

Gln

1080

Pro

Tyr

Thr

Phe

Asp

Ile

750

Asp

Thr

Asn

Asp

Ala

830

Phe

Ser

Arg

Lys

Asp

910

Asp

Gly

Leu

Ala

Asp
990

05

Asn Ala

Ala

Tyr

Gly

Arg

Glu

Gln

735

Leu

Ser

Asp

Ser

Pro

815

Glu

Leu

Glu

Val

Gln

895

Lys

Ser

Lys

Leu

Leu

975

Ala

Ser

Val

Tyr

720

Tyr

Met

Leu

Ser

Trp

800

Gln

Ser

Pro

Arg

Lys

880

Phe

Val

Glu

Lys

Thr

960

Glu

Gly

Arg Leu Gln

Leu Thr

Tyr Arg

Phe

Pro Val

Trp

Arg

Pro

Lys

Phe

Leu

Met

Leu
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1085 1090 1095
Arg Ile Thr Gly Ile Glu Leu Pro Gln Cys Gly Phe Arg Pro Ala

1100 1105 1110
Glu Arg Ile Glu Glu Thr Gly Arg Arg Leu Ala Glu Tyr Cys Lys

1115 1120 1125
Arg Phe Asn Val Pro Phe Glu Tyr Lys Ala Ile Ala Ser Gln Asn

1130 1135 1140
Trp Glu Thr Ile Arg Ile Glu Asp Leu Asp Ile Arg Pro Asn Glu

1145 1150 1155
Val Leu Ala Val Asn Ala Gly Leu Arg Leu Lys Asn Leu Gln Asp

1160 1165 1170
Glu Thr Gly Ser Glu Glu Asn Cys Pro Arg Asp Ala Val Leu Lys

1175 1180 1185
Leu Ile Arg Asn Met Asn Pro Asp Val Phe Ile His Ala Ile Val

1190 1195 1200
Asn Gly Ser Phe Asn Ala Pro Phe Phe Ile Ser Arg Phe Lys Glu

1205 1210 1215
Ala Val Tyr His Tyr Ser Ala Leu Phe Asp Met Phe Asp Ser Thr

1220 1225 1230
Leu Pro Arg Asp Asn Lys Glu Arg Ile Arg Phe Glu Arg Glu Phe

1235 1240 1245
Tyr Gly Arg Glu Ala Met Asn Val Ile Ala Cys Glu Glu Ala Asp

1250 1255 1260
Arg Val Glu Arg Pro Glu Thr Tyr Arg Gln Trp Gln Val Arg Met

1265 1270 1275
Val Arg Ala Gly Phe Lys Gln Lys Thr Ile Lys Pro Glu Leu Val

1280 1285 1290
Glu Leu Phe Arg Gly Lys Leu Lys Lys Trp Arg Tyr His Lys Asp

1295 1300 1305
Phe Val Val Asp Glu Asn Ser Lys Trp Leu Leu Gln Gly Trp Lys

1310 1315 1320
Gly Arg Thr Leu Tyr Ala Ser Ser Cys Trp Val Pro Ala

1325 1330 1335
<210> SEQ ID NO 93
<211> LENGTH: 1116
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1069
<400> SEQUENCE: 93
ttggaaccct agaggecttt caagcaaatc atcagggtaa caatttcttg atctttettt 60
ttagcgaatt tccagttttt ggtcaatcat ggcaaaccct tggtggacga accagagtgg 120
tttageggge atggtggacce attcggtete ctcaggccat caccaaaacc atcaccacca 180
aagtcttctt accaaaggag atcttggaat agccatgaat cagagccaag acaacgacca 240
agacgaagaa gatgatccta gagaaggagce cgttgaggtyg gtcaaccgta gaccaagagg 300
tagaccacca ggatccaaaa acaaacccaa agcetccaate tttgtgacaa gagacagccce 360
caacgcactce cgtagecatg tcttggagat ctecgacgge agtgacgteg ccgacacaat 420
cgctcactte tcaagacgca ggcaacgegg cgtttgegtt ctcagceggga caggetcagt 480
cgctaacgte accctecgece aagccgecge accaggaggt gtggtctete tccaaggcag 540
gtttgaaatc ttatctttaa ccggtgettt cctecctgga ccttecccac cegggtcaac 600
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cggtttaacg gtttacttag ccggggtcca gggtcaggte gttggaggta gegttgtagg 660
cccactetta gcecatagggt cggtcatggt gattgctget actttctceta acgctactta 720
tgagagattg cccatggaag aagaggaaga cggtggcgge tcaagacaga ttcacggagg 780
cggtgactca ccgcccagaa tcggtagtaa cctgectgat ctatcaggga tggecgggece 840
aggctacaat atgccgecge atctgattcc aaatgggget ggtcagctag ggcacgaacce 900
atatacatgg gtccacgcaa gaccacctta ctgactcagt gagccatttce tatatataat 960
ggtctatata aataaatata tagatgaata taagcaagca atttgaggta gtctattaca 1020
aagcttttge tctggttgga aaaataaata agtatcaaag ctttgtttgt tcecttaatgga 1080
aatatagagc ttgggaaggt agaaagagac gacatt 1116

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 94
H: 281
PRT

RE:

<223> OTHER INFORMATION: G1069 polypeptide

<400> SEQUENCE: 94

Met Ala Asn
1

Asp His Ser

Leu Leu Thr
35

Asn Asp Gln
50

Val Asn Arg

Lys Ala Pro

His Val Leu

His Phe Ser
115

Gly Ser Val
130

Val Val Ser

Phe Leu Pro

Leu Ala Gly

Leu Leu Ala
195

Ala Thr Tyr
210

Ser Arg Gln
225

Asn Leu Pro

Pro His Leu

Pro Trp Trp Thr Asn

Val Ser Ser Gly His

20

Lys Gly Asp Leu Gly

Asp Glu Glu Asp Asp

55

Arg Pro Arg Gly Arg

70

Ile Phe Val Thr Arg

85

Glu Ile Ser Asp Gly

100

Arg Arg Arg Gln Arg

120

Ala Asn Val Thr Leu

135

Leu Gln Gly Arg Phe
150

Gly Pro Ser Pro Pro

165

Val Gln Gly Gln Val

180

Ile Gly Ser Val Met

200

Glu Arg Leu Pro Met

215

Ile His Gly Gly Gly
230

Asp Leu Ser Gly Met

245

Ile Pro Asn Gly Ala

260

Gln

His

25

Ile

Pro

Pro

Asp

Ser

105

Gly

Arg

Glu

Gly

Val

185

Val

Glu

Asp

Ala

Gly
265

Ser

10

Gln

Ala

Arg

Pro

Ser

90

Asp

Val

Gln

Ile

Ser

170

Gly

Ile

Glu

Ser

Gly
250

Gln

Gly

Asn

Met

Glu

Gly

75

Pro

Val

Cys

Ala

Leu

155

Thr

Gly

Ala

Glu

Pro
235

Pro

Leu

Leu Ala Gly
His His His
30

Asn Gln Ser
45

Gly Ala Val
60

Ser Lys Asn

Asn Ala Leu

Ala Asp Thr

110

Val Leu Ser
125

Ala Ala Pro
140

Ser Leu Thr

Gly Leu Thr

Ser Val Val
190

Ala Thr Phe
205

Glu Asp Gly
220

Pro Arg Ile

Gly Tyr Asn

Gly His Glu
270

Met Val
15

Gln Ser

Gln Asp

Glu Val

Lys Pro
80

Arg Ser
95

Ile Ala

Gly Thr

Gly Gly

Gly Ala
160

Val Tyr
175

Gly Pro

Ser Asn

Gly Gly

Gly Ser

240

Met Pro
255

Pro Tyr
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Thr Trp Val His Ala Arg Pro Pro Tyr

275 280
<210> SEQ ID NO 95
<211> LENGTH: 1780
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1198
<400> SEQUENCE: 95
tcttttcaaa ttccaatcat ttgatcaact aatcaagaat taattataag actttgcaat 60
ctctetecct cteectetee ctagectagtt ctetettgtg tttcettaact cgagettcete 120
tcaatagtga ttatcatctt tttcatcatt tcaagattta atgtgttttg cagaaaagag 180
actaatcaag aagagatatc atcaattgaa gctgttttet tgagtagaga tggcgaacca 240
tagaatgagc gaagctacaa accataacca caatcatcat cttecttatt cacttattca 300
tggtctcaac aacaatcatc catcttectgg tttcattaac caagatggat cgtccagttt 360
cgattttgga gagctagaag aagcaattgt tctgcaaggt gtcaagtata ggaacgagga 420
agccaagcca cctttattag gaggaggagg aggagctacyg actctggaga tgttcectte 480
gtggccaate agaactcacc aaactcttcce tactgagagt tccaagtcag gaggagagag 540
cagcgattca ggatcggeta atttctecgg caaagctgaa agtcaacaac cggagtctcee 600
tatgagtagc aaacatcatc tcatgcttca acctcatcat aataacatgg caaactcaag 660
ttcaacatct ggacttecctt ccacttcteg aactttaget cctectaaac ctteggaaga 720
taagaggaag gctacaactt caggcaaaca gcttgatget aagacgttga gacgtttgge 780
ccaaaataga gaagctgctc gcaaaagcecg tcettaggaaa aaggcgtatyg tgcaacagcet 840
agaatcaagt aggataaagc tttcccaatt ggagcaagaa cttcagcgag ctcgttctca 900
ggggctgtte atgggtggtt gtggaccacce aggacctaac atcacttccg gagctgcaat 960
atttgacatg gaatatggga gatggctaga ggatgataac cggcatatgt cggagattcg 1020
aaccggtett caggctcatt tatctgacaa tgatttaagg ttgatcgttg acggttacat 1080
tgctcatttt gatgagatat tccgattaaa agccgtggca gcgaaagccg atgtttttca 1140
cctcatcatt gggacatgga tgtccccage cgaacgttgt tttatttgga tggctggttt 1200
ccgtccatce gacctaatca agatattggt gtcgcaaatg gatctattga cggagcaaca 1260
actgatggga atatatagcc tacaacactc gtcgcaacaa gcagaggagg ctctctegca 1320
aggcctcegaa caacttcagce aatctctcat cgatactcectce geccgcatcte cagtcattga 1380
cggaatgcaa caaatggctg tcecgctcectcgg aaagatctcect aatctcgaag getttatccg 1440
ccaggctgat aacttgaggc agcagaccgt tcaccagcetg aggcggatct tgaccgtecg 1500
acaagctgca cggtgtttcecc tagtcatcgg agagtactat ggacggctca gagctcecttag 1560
ctceetttgg ttgtcacgec cacgagagac actgatgagt gatgaaacct cttgtcaaac 1620
gacgacggat ttgcagattg ttcagtcatc tcggaaccac ttctccaatt tctgaatgga 1680
atgaaacttt gtataactaa aaggccaagt ttcattgtct gtcgtaattt cacctatttce 1740
ctttaaagtt gtactagaga aaagatagga tcttcctteg 1780

<210> SEQ ID NO 96
<211> LENGTH: 481
<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
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-continued

276

<220> FEATURE:
<223> OTHER INFORMATION: G1198 polypeptide

<400> SEQUENCE: 96

Met Ala Asn His Arg Met Ser Glu Ala Thr Asn His Asn His Asn
1 5 10 15

His Leu Pro Tyr Ser Leu Ile His Gly Leu Asn Asn Asn His Pro
20 25 30

Ser Gly Phe Ile Asn Gln Asp Gly Ser Ser Ser Phe Asp Phe Gly
35 40 45

Leu Glu Glu Ala Ile Val Leu Gln Gly Val Lys Tyr Arg Asn Glu
50 55 60

Ala Lys Pro Pro Leu Leu Gly Gly Gly Gly Gly Ala Thr Thr Leu
65 70 75

Met Phe Pro Ser Trp Pro Ile Arg Thr His Gln Thr Leu Pro Thr
85 90 95

Ser Ser Lys Ser Gly Gly Glu Ser Ser Asp Ser Gly Ser Ala Asn
100 105 110

Ser Gly Lys Ala Glu Ser Gln Gln Pro Glu Ser Pro Met Ser Ser
115 120 125

His His Leu Met Leu Gln Pro His His Asn Asn Met Ala Asn Ser
130 135 140

Ser Thr Ser Gly Leu Pro Ser Thr Ser Arg Thr Leu Ala Pro Pro
145 150 155

Pro Ser Glu Asp Lys Arg Lys Ala Thr Thr Ser Gly Lys Gln Leu
165 170 175

Ala Lys Thr Leu Arg Arg Leu Ala Gln Asn Arg Glu Ala Ala Arg
180 185 190

Ser Arg Leu Arg Lys Lys Ala Tyr Val Gln Gln Leu Glu Ser Ser
195 200 205

Ile Lys Leu Ser Gln Leu Glu Gln Glu Leu Gln Arg Ala Arg Ser
210 215 220

Gly Leu Phe Met Gly Gly Cys Gly Pro Pro Gly Pro Asn Ile Thr
225 230 235

Gly Ala Ala Ile Phe Asp Met Glu Tyr Gly Arg Trp Leu Glu Asp
245 250 255

Asn Arg His Met Ser Glu Ile Arg Thr Gly Leu Gln Ala His Leu
260 265 270

Asp Asn Asp Leu Arg Leu Ile Val Asp Gly Tyr Ile Ala His Phe
275 280 285

Glu Ile Phe Arg Leu Lys Ala Val Ala Ala Lys Ala Asp Val Phe
290 295 300

Leu Ile Ile Gly Thr Trp Met Ser Pro Ala Glu Arg Cys Phe Ile
305 310 315

Met Ala Gly Phe Arg Pro Ser Asp Leu Ile Lys Ile Leu Val Ser
325 330 335

Met Asp Leu Leu Thr Glu Gln Gln Leu Met Gly Ile Tyr Ser Leu
340 345 350

His Ser Ser Gln Gln Ala Glu Glu Ala Leu Ser Gln Gly Leu Glu
355 360 365

Leu Gln Gln Ser Leu Ile Asp Thr Leu Ala Ala Ser Pro Val Ile
370 375 380

Gly Met Gln Gln Met Ala Val Ala Leu Gly Lys Ile Ser Asn Leu
385 390 395

His

Ser

Glu

Glu

Glu

80

Glu

Phe

Lys

Ser

Lys

160

Asp

Lys

Arg

Gln

Ser

240

Asp

Ser

Asp

His

Trp

320

Gln

Gln

Gln

Asp

Glu
400
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278

Gly Phe Ile

Leu Arg Arg

Ile Gly Glu

435

Ser Arg Pro
450

Thr Thr Asp
465

Phe
<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

Arg Gln Ala Asp Asn

405

Ile Leu Thr Val Arg

420

Tyr Tyr Gly Arg Leu

440

Arg Glu Thr Leu Met

455

Leu Gln Ile Val Gln
470

D NO 97
H: 1011
DNA

RE:

<223> OTHER INFORMATION: G1322

<400> SEQUENCE: 97

aaagttattg
tggaggacta
cecegectega
caaaaataca
gagtgaaagc
ggactatgga
ggaactctgt
ggctgaacta
tgatcattca
cgggaagaac
aagtgtcatc
cggggatgac
aggcgaagac
ttgaagatct
atatagacct
ggtttttcta
attaaatctt
<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

atagtttetg
tatagtcgca
gtatctetet
cacatacaca
gacaataacg
agaagatttc
cgccaaagec
tctecgacca
gettcatget
ggacaacgag
ggaaaatatg
gacgcaaggce
gacgacgttt
gtggcecegte
cctatacatt
ttgctgaaat
caatacatat
D NO 98

H: 206

PRT

RE:

ttacttatta

agtctcaacc

ctctcetetet

acagaaagaa

tcacagaaag

atcctcttta

tctggtctaa

gatgtgcgge

aagcttggaa

ataaagaact

atgaatcatc

agctceggea

aatgtggtgg

cacttgctta

tatatgccece

gtegttgeat

ggaggtggtyg

Leu

Gln

425

Arg

Ser

Ser

Arg

410

Ala

Ala

Asp

Ser

Gln

Ala

Leu

Glu

Arg
475

atttttaagg

ctataaaaga

cttetetgtt

agatggagac

aagaagaagg

attacatcct

aacgtactgg

gagggaacat

acaggtggtce

tctggaggac

aacatcattg

aagccataga

aacaacagtc

atggtgacca

agctgggttt

ttaatttaca

tttgagtaaa

<223> OTHER INFORMATION: G1322 polypeptide

<400> SEQUENCE: 98

Gln Thr Val
Arg Cys Phe
430

Ser Ser Leu
445

Thr Ser Cys
460

Asn His Phe

ttatgtgtat
aaacattcgt
ttctttattyg
gacgatgaag
aacagtgaga
taatcatggt
aaaaagttgt
aaccgaagaa
gaagattgcg
aaagattcag
ttcgggaaac
cacggctgag
aaacgagaat
ccatgtgatt
ttttgtatgg
tacgaaaagt

aaaaaaaaaa

Met Glu Thr Thr Met Lys Lys Lys Gly Arg Val Lys Ala Thr

1

5

10

Ser Gln Lys Glu Glu Glu Gly Thr Val Arg Lys Gly Pro Trp

20

25

30

His Gln
415

Leu Val

Trp Leu

Gln Thr

Ser Asn
480

tattaccaat
cgatcatett
attgcataga
aagaaaggga
aaaggacctt
gaaggtcttt
cggeteceggt
gaacagcttt
aagcatctte
agacacatga
tcacagagcet
agcttetete
tactggaacyg
taagatatat
tacgttattt
gcattaaatc

a

Ile Thr
15

Thr Met

Glu Glu Asp Phe Ile Leu Phe Asn Tyr Ile Leu Asn His Gly Glu Gly

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1011
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-continued

35 40 45

Leu Trp Asn Ser Val Ala Lys Ala Ser Gly Leu Lys Arg Thr Gly Lys
50 55 60

Ser Cys Arg Leu Arg Trp Leu Asn Tyr Leu Arg Pro Asp Val Arg Arg
65 70 75 80

Gly Asn Ile Thr Glu Glu Glu Gln Leu Leu Ile Ile Gln Leu His Ala
85 90 95

Lys Leu Gly Asn Arg Trp Ser Lys Ile Ala Lys His Leu Pro Gly Arg
100 105 110

Thr Asp Asn Glu Ile Lys Asn Phe Trp Arg Thr Lys Ile Gln Arg His
115 120 125

Met Lys Val Ser Ser Glu Asn Met Met Asn His Gln His His Cys Ser
130 135 140

Gly Asn Ser Gln Ser Ser Gly Met Thr Thr Gln Gly Ser Ser Gly Lys
145 150 155 160

Ala Ile Asp Thr Ala Glu Ser Phe Ser Gln Ala Lys Thr Thr Thr Phe
165 170 175

Asn Val Val Glu Gln Gln Ser Asn Glu Asn Tyr Trp Asn Val Glu Asp
180 185 190

Leu Trp Pro Val His Leu Leu Asn Gly Asp His His Val Ile
195 200 205

<210> SEQ ID NO 99

<211> LENGTH: 1260

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1421

<400> SEQUENCE: 99

gaaatttcat ccctaaataa gaaaaaagca tctecttett tagtgtectce cttcaccaaa 60
ctettgatte cataagcata tattaaaaaa getctcetget ttettcaact ttceeccgggaa 120
aatcttettg ttacaaagca tcaatctctt gttttaccaa ttttctctet ttattceccttt 180
tttgceccttt acttttecta actttggtet ttatatataa acacacgaca caaagaagaa 240
cacacataag ttaaaactat tacaacagtt ttaaagagag agatttaaaa aatggagaca 300
gagaagaaag tttctctcce aagaatctta cgaatctcectg ttactgatcc ttacgcaaca 360
gattcgtcaa gcgacgaaga agaagaagtt gattttgatg cattatctac aaaacgacgt 420
cgtgttaaga agtacgtgaa ggaagtggtg cttgattegg tggtttctga taaagagaag 480
ccgatgaaga agaagagaaa gaagcgegtt gttactgtte cagtggttgt tacgacggeg 540

acgaggaagt ttcgtggagt gaggcaaaga ccgtggggaa aatgggegge ggagattaga 600

gatccgagta gacgtgttag ggtttggtta ggtacttttyg acacggcgga ggaagctgec 660
attgtttacg ataacgcagc tattcagcta cgtggtccta acgcagaget taacttccct 720
cctecteegyg tgacggagaa tgttgaagaa gettcgacgyg aggtgaaagyg agtttcggat 780
tttatcattg gcggtggaga atgtcttcgt tcgecggttt ctgttctcecga atctcecegtte 840
tceggegagt ctactgeggt taaagaggag tttgtceggtyg tatcgacgge ggagattgtg 900
gttaaaaagyg agccgtcecttt taacggttca gatttctegg cgccegttgtt cteggacgac 960

gacgtttttg gtttctcgac gtcgatgagt gaaagtttceg gceggcgattt atttggagat 1020

aatctttttg cggatatgag ttttggatcc gggtttggat tcgggtctgg gtctggattce 1080

tccagetgge acgttgagga ccattttcaa gatattgggg atttattcgg gtecggatcect 1140
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282

gtcttaactyg tttaagaaat aactggccgt ttaacggegt ttagtgaagt tttgttaceg

gecgacggcega ggattaaaaa aaaacggcga tttatttttt gaatgaagat ttgttaaata

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met
1

Val

Met

65

Thr

Lys

Leu

Ala

Pro

145

Ser

Glu

Ser

225

Phe

Phe

Gln

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Glu

Thr

Asp

Lys

50

Lys

Thr

Trp

Gly

Ala

130

Pro

Ser

Val

Phe

Phe

210

Phe

Gly

Gly

Asp

Thr

Asp

Phe

35

Glu

Lys

Ala

Ala

Thr

115

Ile

Val

Asp

Leu

Val

195

Asn

Gly

Asp

Ser

Ile
275

Glu

Pro

20

Asp

Val

Lys

Thr

Ala

100

Phe

Gln

Thr

Phe

Glu

180

Gly

Gly

Phe

Asn

Gly

260

Gly

SEQUENCE :

SEQ ID NO 100
LENGTH:
TYPE :
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G1421 polypeptide

287

100

Lys

5

Tyr

Ala

Val

Arg

Arg

85

Glu

Asp

Leu

Glu

Ile

165

Ser

Val

Ser

Ser

Leu

245

Ser

Asp

SEQ ID NO 101
LENGTH:
TYPE: DNA
ORGANISM: Arabidopsis
FEATURE:
OTHER INFORMATION: G1794

1562

101

Lys

Ala

Leu

Leu

Lys

70

Lys

Ile

Thr

Arg

Asn

150

Ile

Pro

Ser

Asp

Thr

230

Phe

Gly

Leu

Val

Thr

Ser

Asp

Lys

Phe

Arg

Ala

Gly

135

Val

Gly

Phe

Thr

Phe

215

Ser

Ala

Phe

Phe

Ser

Asp

Thr

40

Ser

Arg

Arg

Asp

Glu

120

Pro

Glu

Gly

Ser

Ala

200

Ser

Met

Asp

Ser

Gly
280

thaliana

Leu

Ser

25

Lys

Val

Val

Gly

Pro

105

Glu

Asn

Glu

Gly

Gly

185

Glu

Ala

Ser

Met

Ser

265

Ser

Pro

10

Ser

Arg

Val

Val

Val

90

Ser

Ala

Ala

Ala

Glu

170

Glu

Ile

Pro

Glu

Ser

250

Trp

Asp

Arg

Ser

Arg

Ser

Thr

75

Arg

Arg

Ala

Glu

Ser

155

Cys

Ser

Val

Leu

Ser

235

Phe

His

Pro

Ile

Asp

Arg

Asp

Val

Gln

Arg

Ile

Leu

140

Thr

Leu

Thr

Val

Phe

220

Phe

Gly

Val

Val

Leu

Glu

Val

45

Lys

Pro

Arg

Val

Val

125

Asn

Glu

Arg

Ala

Lys

205

Ser

Gly

Ser

Glu

Leu
285

Arg

Glu

30

Lys

Glu

Val

Pro

Arg

110

Tyr

Phe

Val

Ser

Val

190

Lys

Asp

Gly

Gly

Asp

270

Thr

Ile

15

Glu

Lys

Lys

Val

Trp

95

Val

Asp

Pro

Lys

Pro

175

Lys

Glu

Asp

Asp

Phe

255

His

Val

Ser

Glu

Tyr

Pro

Val

80

Gly

Trp

Asn

Pro

Gly

160

Val

Glu

Pro

Asp

Leu

240

Gly

Phe



283

US 9,447,425 B2

284

-continued
tctttettte ttectetttyg tetetgttte ttgtttetet ctectectetet ctacagagtt 60
ttectttecct cgaagaaaaa gaatattttt aaatttaatt ttctctgcgt ttataagcett 120
taagtttcag aggaggagga tttagaagga gggttttgta tgtgtgtctt aaaagtggca 180
aatcaggaag ataacgttgg caaaaaagcc gagtctatta gagacgatga tcatcggacg 240
ttatctgaaa tcgatcaatg getttactta ttegcagecyg aagacgacca ccaccgtcat 300
agctteccta cgcagcagcce gectccateg tegtegtect catctcettat ctcaggttte 360
agtagagaga tggagatgtc tgctattgte tctgetttga ctcacgttgt tgctggaaat 420
gttectcage atcaacaagg aggcggtgaa ggtageggag aagggacttc gaattcgtet 480
tcttectegyg ggcagaaaag gaggagagag gtggaggaag gtggcgccaa agcggttaag 540
gcagctaata ctttgacggt tgatcaatat ttctceggtg gtagctctac ttctaaagtg 600
agagaagctt cgagtaacat gtcaggtccg ggcccaacat acgagtatac aactacggca 660
actgctagta gcgaaacgtc gtecgtttagt ggggaccaac ctcecggcgaag atacagagga 720
gttagacaaa gaccatgggg aaagtgggcg gctgagattc gagatccatt taaagcaget 780
agagtttgge tcggtacgtt cgacaatgcet gaatcagcag caagagctta cgacgaagct 840
gcactteggt ttagaggcaa caaagccaaa ctcaacttcce ctgaaaacgt caaactcgtt 900
agacctgett caaccgaagc acaacctgtg caccaaaccyg ctgctcaaag accgacccag 960
tcaaggaact cgggttcaac gactaccctt ttgcccataa gacctgcttce gaatcaaagc 1020
gttcattcge agccgttgat gcaatcatac aacttgagtt actctgaaat ggctcgtcaa 1080
caacaacagt ttcagcaaca tcatcaacaa tctttggatt tatacgatca aatgtcgttt 1140
ccgttgegtt tecggtcacac tggaggttca atgatgcaat ctacgtcgte atcatcatct 1200
cattctegte ctctgtttte cccggctgct gttcagecge caccagaatc agctagcgaa 1260
accggttatce tccaggatat acaatggcca tcagacaaga ctagtaataa ctacaataat 1320
agtccatcct cctgatgact tgcttcattt tatttgtttc actatagagt aatagaaaac 1380
aggaaaatga ttatatgtta tagagttatt tttccaaata ttatagggtt taggttgttt 1440
gtattgttect gcectttcatce tctcatgett tttttcecttaa tttattatat ttttgcatta 1500
taatttcegtt tcattgtaac aaacattaaa aagaccacat ggagaaagga aaaaaaagag 1560
ag 1562

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 102
H: 391
PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G1794 polypeptide

<400> SEQUENCE: 102

Met Cys Val
1

Ala Glu Ser
Gln Trp Leu
35

Phe Pro Thr
50

Ser Gly Phe
65

Leu Lys Val Ala Asn

5

Ile Arg Asp Asp Asp

20

Tyr Leu Phe Ala Ala

40

Gln Gln Pro Pro Pro

55

Ser Arg Glu Met Glu

70

Gln Glu Asp
10

His Arg Thr
25

Glu Asp Asp

Ser Ser Ser

Met Ser Ala
75

Asn Val Gly
Leu Ser Glu
30

His His Arg
45

Ser Ser Ser
60

Ile Val Ser

Lys Lys

15

Ile Asp

His Ser

Leu Ile

Ala Leu
80
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Thr

Glu

Lys

Ala

Ser

145

Tyr

Ser

Trp

Asp
225

Pro

Ser

Ala

305

Leu

Ser

Phe

Gly

Tyr
385

<210>
<211>
<212>
<213>
<220>
<223>

<400>

His

Gly

Arg

Asn

130

Lys

Glu

Gly

Gly

Trp

210

Glu

Glu

His

Thr

Ser

290

Arg

Tyr

Met

Ser

Tyr

370

Asn

Val

Ser

Arg

115

Thr

Val

Tyr

Asp

Lys

195

Leu

Ala

Asn

Gln

Thr

275

Gln

Gln

Asp

Met

Pro

355

Leu

Asn

Val

Gly

100

Arg

Leu

Arg

Thr

Gln

180

Trp

Gly

Ala

Val

Thr

260

Thr

Pro

Gln

Gln

Gln

340

Ala

Gln

Ser

SEQUENCE :

Ala

85

Glu

Glu

Thr

Glu

Thr

165

Pro

Ala

Thr

Leu

Lys

245

Ala

Leu

Leu

Gln

Met

325

Ser

Ala

Asp

Pro

SEQ ID NO 103
LENGTH:
TYPE: DNA
ORGANISM: Arabidopsis
FEATURE:
OTHER INFORMATION: G2144

1456

103

Gly Asn Val

Gly Thr Ser

Val Glu Glu

120

Val Asp Gln
135

Ala Ser Ser
150

Thr Ala Thr

Arg Arg Arg

Ala Glu Ile

200

Phe Asp Asn
215

Arg Phe Arg
230

Leu Val Arg

Ala Gln Arg

Leu Pro Ile

280

Met Gln Ser
295

Gln Phe Gln
310

Ser Phe Pro

Thr Ser Ser

Val Gln Pro

360

Ile Gln Trp
375

Ser Ser
390

attagggttt

tggtgttatt

ttggagctag

atctcggtga

cgttcacgge

tgttgtegty

gttttcgaag

atcecggeggt

cgaatttegg

tttgcttgag

agatttgatt

atttccagtyg

gttggaccgt

caactagtga

cttccaccta

Pro

Asn

105

Gly

Tyr

Asn

Ala

Tyr

185

Arg

Ala

Gly

Pro

Pro

265

Arg

Tyr

Gln

Leu

Ser

345

Pro

Pro

thaliana

Gln

90

Ser

Gly

Phe

Met

Ser

170

Arg

Asp

Glu

Asn

Ala

250

Thr

Pro

Asn

His

Arg

330

Ser

Pro

Ser

His

Ser

Ala

Ser

Ser

155

Ser

Gly

Pro

Ser

Lys

235

Ser

Gln

Ala

Leu

His

315

Phe

Ser

Glu

Asp

acacaaattg

agtttcegtt

gecgggaace

cgactttacc

cacaagcagt

Gln

Ser

Lys

Gly

140

Gly

Glu

Val

Phe

Ala

220

Ala

Thr

Ser

Ser

Ser

300

Gln

Gly

His

Ser

Lys
380

Gln

Ser

Ala

125

Gly

Pro

Thr

Arg

Lys

205

Ala

Lys

Glu

Arg

Asn

285

Tyr

Gln

His

Ser

Ala

365

Thr

Gly

Ser

110

Val

Ser

Gly

Ser

Gln

190

Ala

Arg

Leu

Ala

Asn

270

Gln

Ser

Ser

Thr

Arg

350

Ser

Ser

Gly

95

Gly

Lys

Ser

Pro

Ser

175

Arg

Ala

Ala

Asn

Gln

255

Ser

Ser

Glu

Leu

Gly

335

Pro

Glu

Asn

Gly

Gln

Ala

Thr

Thr

160

Phe

Pro

Arg

Tyr

Phe

240

Pro

Gly

Val

Met

Asp

320

Gly

Leu

Thr

Asn

ctgaatttgyg

tatggatctg

aataggccett

tccegagaac

ggagcttete

tttcgattat

actggaggat

gaatcgctac

cceggeggtt

catttcactyg

60

120

180

240

300
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-continued
attcttcegte ttctcaacaa gcggcagtga cagggatcegyg tggagagatt cctecgecge 360
ttcactcttt cggtgggaca ttggctttte cttctaacte agttctcatyg gagcgagcag 420
ctegtttete ggtgattgce actgagcaac aaaacggaaa tatctccggyg gagactccga 480
cgagetetgt accttecaat tcaagtgeta atctcgacag agtcaagacyg gagectgcetg 540
agaccgattce atctcagegg ttgatttetg attcagegat tgagaatcaa atccecttgece 600
ctaaccagaa caatcgaaat gggaagagga aagatttcga aaagaagggt aaaagctcga 660
cgaagaagaa caaaagctct gaagagaacg agaagctgec atatgttcac gttagagcete 720
gtegtggtceca agcaaccgat agccatagcet tagcagaacg agcaagaaga gagaagataa 780
atgcacgaat gaagctgtta caggaactgg tcccaggctyg tgataagatt caaggtaccg 840
cgetggtget ggatgaaatc attaaccatg tccagtcatt acaacgtcaa gtggagatge 900
tatcaatgag acttgctgcg gtaaacccca gaatcgactt caatctcgac accatattgg 960
cttcagaaaa cggttcttta atggatggga gcttcaatgc cgcaccaatg cagcttgett 1020
ggectcagea agccattgag accgaacagt cctttceatca cecggcaactg caacaaccac 1080
caacacaaca atggcctttt gacggcttga accagccggt atggggaaga gaagaggatc 1140
aagctcatgg caatgataac agcaatttga tggcagtttc tgaaaatgta atggtggcett 1200
ctgctaattt gcacccaaat caggtcaaaa tggagctgta agttgggaaa acggtagaga 1260
tcatgaatgt gtatatacat cgtataagct cgtttctctc tatataaata taatcataaa 1320
tatagatatc tgttaagaag gtatcagtca tttgattcag agagacaaca ctggtatgat 1380
tgtttcttat tecttgtacca gatttcgaca atgtagaatt tagtaggata tgatcatttt 1440
gatctcgtta tatata 1456

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 104
H: 379
PRT

RE:

<223> OTHER INFORMATION: G2144 polypeptide

<400> SEQUENCE: 104

Met Asp Leu
1

Cys Arg Glu
Arg Gln Leu
35

Thr Ala Leu
50

Phe Thr Asp
65

Gly Glu Ile

Pro Ser Asn

Ala Thr Glu

115

Ser Val Pro
130

Pro Ala Glu

Thr Gly Gly Phe Gly

5

Pro Ile Gly Leu Glu

20

Val Thr Thr Leu Pro

40

Leu Glu Leu Pro Pro

55

Ser Ser Ser Ser Gln

70

Pro Pro Pro Leu His

85

Ser Val Leu Met Glu

100

Gln Gln Asn Gly Asn

120

Ser Asn Ser Ser Ala

135

Thr Asp Ser Ser Gln

Ala

Ser

25

Pro

Thr

Gln

Ser

Arg

105

Ile

Asn

Arg

Arg

10

Leu

Glu

Gln

Ala

Phe

90

Ala

Ser

Leu

Leu

Ser

His

Asn

Ala

Ala

75

Gly

Ala

Gly

Asp

Ile

Gly Gly Val

Leu Gly Asp
30

Pro Gly Gly

Val Glu Leu
60

Val Thr Gly

Gly Thr Leu

Arg Phe Ser
110

Glu Thr Pro
125

Arg Val Lys
140

Ser Asp Ser

Gly Pro

15

Glu Phe

Ser Phe

Leu His

Ile Gly
80

Ala Phe

95

Val Ile

Thr Ser

Thr Glu

Ala Ile
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290

145

Glu Asn Gln

Lys Asp Phe

Ser Glu Glu

195

Gly Gln Ala
210

Lys Ile Asn
225

Asp Lys Ile

Val Gln Ser

Ala Val Asn

275

Glu Asn Gly
290

Leu Ala Trp
305

Arg Gln Leu
Asn Gln Pro
Asn Ser Asn

355
Asn Leu His

370

<210> SEQ I
<211> LENGT.
<212> TYPE:

150

Ile Pro Cys Pro Asn

165

Glu Lys Lys Gly Lys

180

Asn Glu Lys Leu Pro

200

Thr Asp Ser His Ser

215

Ala Arg Met Lys Leu
230

Gln Gly Thr Ala Leu

245

Leu Gln Arg Gln Val

260

Pro Arg Ile Asp Phe

280

Ser Leu Met Asp Gly

295

Pro Gln Gln Ala Ile
310

Gln Gln Pro Pro Thr

325

Val Trp Gly Arg Glu

340

Leu Met Ala Val Ser

360

Pro Asn Gln Val Lys

D NO 105
H: 832
DNA

375

<213> ORGANISM: Arabidopsis thal

<220> FEATU

RE:

<223> OTHER INFORMATION: G2512

<400> SEQUENCE: 105

aacttagtge

aaaatggaat

agctcatgga

gaccaatcct

gaatcatcaa

aagtcataca

tcaacgagga

ctegettatg

geggatgteg

tcteeggtga

aaatcttctt

tettegtett

gaaagtaata

cacttagaca

atcaaactaa

gctcacaaga

tcecttttate

tcataaaaga

gaggagtgag

aagggataag

atcaggcgge
ttgaagaatc

tagccttgaa

cttettegac

cttcttettt

caacacttgt

caataagaaa

cttettaagt

atcattcttyg

tagccctact

agaaggaaaa

gaaacggccyg

agtgtggett

tttegettty

tctecggaag

gagaaaacac

gttgacatct

gtcgtcaaga

ggttcttgag

155

Gln Asn Asn
170

Ser Ser Thr
185

Tyr Val His

Leu Ala Glu

Leu Gln Glu

235

Val Leu Asp
250

Glu Met Leu
265

Asn Leu Asp

Ser Phe Asn

Glu Thr Glu
315

Gln Gln Trp
330

Glu Asp Gln
345

Glu Asn Val

Met Glu Leu

iana

accgttaaca
ggagagtttt
tgggaagaga
gataactact
gaagccaccyg
tgggggaaat
gggacattcyg
aaaggcagcc
atggagaatg
tccatgagaa
tctecttett
agtagaaaac

gatttaggtyg

Arg Asn Gly
Lys Lys Asn
190

Val Arg Ala
205

Arg Ala Arg
220

Leu Val Pro

Glu Ile Ile

Ser Met Arg

270

Thr Ile Leu
285

Ala Ala Pro
300

Gln Ser Phe

Pro Phe Asp

Ala His Gly
350

Met Val Ala
365

agaagaaaaa
ccceggagaa
gtttcttaca
gtgatgactt
tggcggecga
tcgeggecga
acaccgcgga
tcgcagtact
tgaatctcaa
accgtectag
cctectecte
agagtgttgt

ctgaatactt

160

Lys Arg
175

Lys Ser

Arg Arg

Arg Glu

Gly Cys

240

Asn His
255

Leu Ala

Ala Ser

Met Gln

His His

320

Gly Leu
335

Asn Asp

Ser Ala

aaaaagatcg
ctcttcttca
tcaatcattt
ctttgecattt
ggaggaggag
gataagagac
ggcggegget
caatttccece
tgatggagag
aggaaagaag
ctattcatct
tatgacgcaa

agaagagcett

60

120

180

240

300

360

420

480

540

600

660

720

780
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atgagatcat gttcttgata atctctgett ctacaatttt tatgtaattt ga

<210> SEQ ID NO 106
<211> LENGTH: 244

<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

PRT

<220> FEATURE:
<223> OTHER INFORMATION: G2512 polypeptide

<400> SEQUENCE: 106

Met Glu Tyr
1

Ser Ser Ser
Ser Phe Leu
35

Thr Asp Asn
50

Lys Glu Glu
65

Ser Tyr Arg

Ile Arg Asp

Asp Thr Ala

115

Leu Lys Gly
130

Glu Ser Leu
145

Pro Val Ile

Gly Lys Lys

Ser Ser Ser

195

Arg Ser Arg
210

Leu Val Val
225

Arg Ser Cys
<210> SEQ I

<211> LENGT.
<212> TYPE:

Gln Thr Asn Phe Leu

5

Ser Ser Trp Ser Ser

20

His Gln Ser Phe Asp

40

Tyr Cys Asp Asp Phe

55

Gly Lys Glu Ala Thr

70

Gly Val Arg Lys Arg

85

Ser Thr Arg Lys Gly

100

Glu Ala Ala Ala Leu

120

Ser Leu Ala Val Leu

135

Arg Lys Met Glu Asn
150

Ala Leu Lys Arg Lys

165

Lys Ser Ser Ser Ser

180

Ser Tyr Ser Ser Ser

200

Lys Gln Ser Val Val

215

Leu Glu Asp Leu Gly
230

Ser

D NO 107
H: 1182
DNA

Ser

Gln

25

Gln

Phe

Val

Pro

Ile

105

Ala

Asn

Val

His

Ser

185

Ser

Met

Ala

Gly

Glu

Ser

Ala

Ala

Trp

90

Arg

Tyr

Phe

Asn

Ser

170

Thr

Ser

Thr

Glu

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G2552

<400> SEQUENCE: 107

cacaaatgga

tcttggtega

ttgacgaaaa

tagacgagaa

tagactccaa

aggaagagtc

tccaaacttce

cccagttett

ccagttcatce

cgttgetgaa

aacgctetgt

gatcagttca

gatttcgate

ccaacacctyg

tcattcecgta

Glu

Ser

Phe

Phe

Ala

75

Gly

Val

Asp

Pro

Leu

155

Met

Leu

Ser

Gln

Tyr
235

caaacataaa

taaacctcat

ttggtccatt

tcgatgacct

gettegacgyg

Phe Ser Pro
Phe Leu Trp
30

Leu Leu Ser
45

Glu Ser Ser
60

Glu Glu Glu

Lys Phe Ala

Trp Leu Gly

110

Gln Ala Ala
125

Ala Asp Val
140

Asn Asp Gly

Arg Asn Arg

Thr Ser Ser
190

Ser Ser Leu
205

Glu Ser Asn
220

Leu Glu Glu

cgatctcgaa
aagaggagat
acaaaacagc
cttecgacgaa

tgatagtgtt

Glu Asn
15

Glu Glu

Ser Pro

Ile Ile

Glu Lys
80

Ala Glu
95

Thr Phe

Phe Ala

Val Glu

Glu Ser
160

Pro Arg
175

Pro Ser

Ser Ser

Thr Thr

Leu Met
240

cttcacaatt
catcaaacca
ccctgtttea
ttgcctgact

agagccggtg

832

60

120

180

240

300
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-continued
gtgaagaaga tgaagaagat tacaacgacg gtgatgattc ttcagccact actacgaata 360
atgatgggac ccgtaagacg aagactgatc ggtctaggac tttgatctcet gagagaagaa 420
ggagagggcyg tatgaaggat aagctttatg cattgagatc tcttgttccc aatattacta 480
agatggataa agcatccatt gttggagatg cagtgttgta tgttcaagaa cttcagtcac 540
aagcgaagaa actcaaatcc gatatcgegg gtettgaage ttcetttaaac tctactggag 600
ggtaccaaga acatgctcct gatgctcaaa agactcaacc ttttcegeggt atcaatccte 660
ctgcttccaa aaaaatcatt cagatggatg ttatacaagt ggaggagaaa gggttttatg 720
tgagattggt gtgtaacaaa ggagaaggtg ttgctccate tctttacaag tctttggagt 780
ctcttacaag ttteccaagtg cagaactcta acctaagete tecttcetecyg gacacatace 840
tcttaacata taccttagat gggacatgcet tcgaacagag cttaaacttyg cctaacctga 900
agctgtggat cactggatca cttttaaatc aaggttttga attcatcaag tcatttactt 960
gattctataa cgcttgctct aacgtgagtc aaatccggtt ctgcactata ttgattgtgt 1020
acctttetta catgtttcat aacttccagg gctctaattt ctattctagt gatgatgtaa 1080
ccgagattgt tgattctcta ttgaataaac accatgttat atagtaattt agcgacaaat 1140
tgtatggtta aatgaagtaa tatttatgtt ttgtttataa aa 1182

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 108
H: 318
PRT

RE:

<223> OTHER INFORMATION: G2552 polypeptide

<400> SEQUENCE: 108

Met Glu Gly
1

His Asn Phe

Arg Gly Asp

Leu Gly Pro
50

Ile Pro Thr
65

Ser Asn Val

Ala Gly Gly

Ser Ala Thr
115

Arg Ser Arg
130

Asp Lys Leu
145

Asp Lys Ala

Gln Ser Gln

Ser Leu Asn
195

Arg Val Asn Ala Leu

5

Leu Val Asp Pro Asn

20

His Gln Thr Ile Asp

Leu Gln Asn Ser Pro

55

Pro Val Asp Asp Leu

70

Ala Glu Ser Phe Arg

85

Glu Glu Asp Glu Glu

100

Thr Thr Asn Asn Asp

120

Thr Leu Ile Ser Glu

135

Tyr Ala Leu Arg Ser
150

Ser Ile Val Gly Asp

165

Ala Lys Lys Leu Lys

180

Ser Thr Gly Gly Tyr

200

Ser

Phe

25

Glu

Cys

Phe

Ser

Asp

105

Gly

Arg

Leu

Ala

Ser
185

Gln

Asn

10

Asp

Asn

Phe

Asp

Phe

90

Tyr

Thr

Arg

Val

Val
170

Asp

Glu

Ile

Gln

Pro

Ile

Glu

75

Asp

Asn

Arg

Arg

Pro

155

Leu

Ile

His

Asn Asp Leu

Phe Ile Asn
30

Val Leu Asp
45

Asp Glu Asn
60

Leu Pro Asp

Gly Asp Ser

Asp Gly Asp
110

Lys Thr Lys
125

Arg Gly Arg
140

Asn Ile Thr

Tyr Val Gln

Ala Gly Leu
190

Ala Pro Asp
205

Glu Leu
15

Leu Ile

Phe Asp

Gln Phe

Leu Asp
80

Val Arg
95

Asp Ser

Thr Asp

Met Lys

Lys Met
160

Glu Leu
175

Glu Ala

Ala Gln
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Lys Thr Gln Pro Phe Arg Gly Ile Asn Pro Pro Ala Ser Lys Lys Ile
210 215 220

Ile Gln Met Asp Val Ile Gln Val Glu Glu Lys Gly Phe Tyr Val Arg
225 230 235 240

Leu Val Cys Asn Lys Gly Glu Gly Val Ala Pro Ser Leu Tyr Lys Ser
245 250 255

Leu Glu Ser Leu Thr Ser Phe Gln Val Gln Asn Ser Asn Leu Ser Ser
260 265 270

Pro Ser Pro Asp Thr Tyr Leu Leu Thr Tyr Thr Leu Asp Gly Thr Cys
275 280 285

Phe Glu Gln Ser Leu Asn Leu Pro Asn Leu Lys Leu Trp Ile Thr Gly
290 295 300

Ser Leu Leu Asn Gln Gly Phe Glu Phe Ile Lys Ser Phe Thr
305 310 315

<210> SEQ ID NO 109

<211> LENGTH: 1613

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G264

<400> SEQUENCE: 109

cttgtaccag tttctgatta gattcaacaa tgaacggege attaggtaac tcctecegect 60
cegttagegyg cggagaagga gecggaggac cagegecttt cttggtgaaa acctacgaga 120
tggtcgacga ttcatcaacg gaccagatceg tatcgtggag cgctaacaac aacagcttca 180
tcgtttggaa tcatgecgaa ttttcacgee tecttettec aacctactte aaacacaata 240
acttctette cttcattegt cagcetcaata cctatgggtt taggaagatt gatccagaga 300
ggtgggagtt tttgaatgat gattttatta aggatcagaa gcatcttctc aagaatatac 360
atagaaggaa acctatacac agccacagte atccacctge ttegtegact gatcaagaaa 420
gagcagtgtt gcaagagcaa atggacaagc tttcacgtga gaaagctgca attgaagcta 480
agcttttaaa gttcaaacaa cagaaggttg tagcaaagca tcagtttgaa gaaatgactg 540
agcatgttga tgatatggag aataggcaga agaagctget gaattttttg gaaactgcga 600
ttcggaatce tacttttgtt aagaattttyg gtaagaaagt cgagcagttg gatatttcag 660
cttacaacaa aaagcgaagg ctcectgaag ttgagcaatc aaagccacct tcagaagatt 720
ctcatctgga taatagtagt ggtagctega gacgegagtce tggaaacatt tttcatcaaa 780
atttctctaa taaattgcga ctagagettt ctecagetga ttcagatatg aacatggttt 840
cacacagtat acaaagttcc aatgaagaag gtgcgagtece caaagggata ctgtcaggag 900
gtgatccaaa tactacacta acaaaaagag aaggcctacc atttgcacct gaagetctag 960

agcttgegga taccgggaca tgcccgagga gattactgtt aaatgataat acaagggtgg 1020

agaccttgca gcagaggcta acttcttcag aggagactga tggtagcttt tcatgtcatt 1080

taaatctaac cctggcttcet getccecgttac cggacaaaac agcttcacag atagctaaga 1140

cgactcttaa aagtcaggag ttaaacttta actcaataga aacaagtgca agtgagaaaa 1200

atcggggtag acaagagatt gcagttggag gtagccaagc aaatgcagct cctccagcaa 1260

gagtgaatga tgtattctgg gaacagttcc taacagaaag gccagggtct tcagataatg 1320

aggaggcaag ttcgacttat agaggtaacc catacgaaga gcaagaggag aaaagaaacg 1380

ggagtatgat gttacgtaat acaaagaata tcgagcagct gaccttataa actatttgga 1440
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298

cggttacate aacgagagta cgaactgagg ttttggtaag aagtatgggt gagtaagtaa

tgaaacattg gactgaaaaa gcgtaagtag ctttgttgta aacacttgeg tctctgtcta

cacaagtaat ttgactgtaa atgtaagtgt acaggattta aattgaataa gca

<210> SEQ ID NO 110

<211> LENGTH: 466

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G264 polypeptide

<400> SEQUENCE: 110

Met

1

Gly

Asp

Ser

Thr

65

Thr

Asp

Arg

Gln

Lys

145

Glu

Asn

Ile

Lys

225

Arg

Arg

Ser

Ser

Phe
305

Arg

Asn Gly Ala Leu Gly Asn Ser Ser Ala Ser
5 10

Ala Gly Gly Pro Ala Pro Phe Leu Val Lys
20 25

Asp Ser Ser Thr Asp Gln Ile Val Ser Trp
35 40

Phe Ile Val Trp Asn His Ala Glu Phe Ser
50 55

Tyr Phe Lys His Asn Asn Phe Ser Ser Phe
70 75

Tyr Gly Phe Arg Lys Ile Asp Pro Glu Arg
85 90

Asp Phe Ile Lys Asp Gln Lys His Leu Leu
100 105

Lys Pro Ile His Ser His Ser His Pro Pro
115 120

Glu Arg Ala Val Leu Gln Glu Gln Met Asp
130 135

Ala Ala Ile Glu Ala Lys Leu Leu Lys Phe
150 155

Ala Lys His Gln Phe Glu Glu Met Thr Glu
165 170

Asn Arg Gln Lys Lys Leu Leu Asn Phe Leu
180 185

Pro Thr Phe Val Lys Asn Phe Gly Lys Lys
195 200

Ser Ala Tyr Asn Lys Lys Arg Arg Leu Pro
210 215

Pro Pro Ser Glu Asp Ser His Leu Asp Asn
230 235

Arg Glu Ser Gly Asn Ile Phe His Gln Asn
245 250

Leu Glu Leu Ser Pro Ala Asp Ser Asp Met
260 265

Ile Gln Ser Ser Asn Glu Glu Gly Ala Ser
275 280

Gly Gly Asp Pro Asn Thr Thr Leu Thr Lys
290 295

Ala Pro Glu Ala Leu Glu Leu Ala Asp Thr
310 315

Leu Leu Leu Asn Asp Asn Thr Arg Val Glu
325 330

Val

Thr

Ser

Arg

60

Ile

Trp

Lys

Ala

Lys

140

Lys

His

Glu

Val

Glu

220

Ser

Phe

Asn

Pro

Arg
300

Gly

Thr

Ser

Tyr

Ala

45

Leu

Arg

Glu

Asn

Ser

125

Leu

Gln

Val

Thr

Glu

205

Val

Ser

Ser

Met

Lys

285

Glu

Thr

Leu

Gly

Glu

30

Asn

Leu

Gln

Phe

Ile

110

Ser

Ser

Gln

Asp

Ala

190

Gln

Glu

Gly

Asn

Val

270

Gly

Gly

Cys

Gln

Gly

15

Met

Asn

Leu

Leu

Leu

95

His

Thr

Arg

Lys

Asp

175

Ile

Leu

Gln

Ser

Lys

255

Ser

Ile

Leu

Pro

Gln
335

Glu

Val

Asn

Pro

Asn

80

Asn

Arg

Asp

Glu

Val

160

Met

Arg

Asp

Ser

Ser

240

Leu

His

Leu

Pro

Arg
320

Arg
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-continued

Leu Thr Ser Ser Glu Glu Thr Asp Gly Ser Phe Ser Cys His Leu Asn
340 345 350

Leu Thr Leu Ala Ser Ala Pro Leu Pro Asp Lys Thr Ala Ser Gln Ile
355 360 365

Ala Lys Thr Thr Leu Lys Ser Gln Glu Leu Asn Phe Asn Ser Ile Glu
370 375 380

Thr Ser Ala Ser Glu Lys Asn Arg Gly Arg Gln Glu Ile Ala Val Gly
385 390 395 400

Gly Ser Gln Ala Asn Ala Ala Pro Pro Ala Arg Val Asn Asp Val Phe
405 410 415

Trp Glu Gln Phe Leu Thr Glu Arg Pro Gly Ser Ser Asp Asn Glu Glu
420 425 430

Ala Ser Ser Thr Tyr Arg Gly Asn Pro Tyr Glu Glu Gln Glu Glu Lys
435 440 445

Arg Asn Gly Ser Met Met Leu Arg Asn Thr Lys Asn Ile Glu Gln Leu
450 455 460

Thr Leu
465

<210> SEQ ID NO 111

<211> LENGTH: 840

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G681

<400> SEQUENCE: 111

atggggagga cgacatggtt cgacgtcgac gggatgaaga aaggagagtyg gacggcagag 60
gaagaccaga agctcggcge ttacatcaac gagcatggeg tttgtgattg gegttcccte 120
cccaaaagag ctggtttgca gagatgtgga aagagctgca gattaaggtyg gcttaactat 180
ctaaagcctyg ggattagaag aggcaaattc actcctcaag aagaagaaga aatcatccaa 240
cttcatgetyg ttcteggaaa caggtgggca gecatggega agaagatgca gaatcgaaca 300
gacaatgata tcaagaacca ttggaactct tgtctcaaga aaagactttc gagaaaggga 360
atcgacccta tgacccacga gcccatcatce aaacacctca ccegtcaatac cactaacgca 420
gattgtggta actcttccac cacgacgtcce ccgtcgacga cggaaagetce tecttectec 480
ggctegtete gtettettaa caaactcgcece gcaggtatcet catctagaca acatagtcetce 540
gataggatca agtacatctt gtcgaattca ataatcgaaa gcagtgatca agcaaaagag 600
gaagaagaaa aagaagaaga agaagaagaa agagattcaa tgatgggtca gaagattgac 660
ggtagtgaag gagaagatat tcagatttgg ggcgaggagg aagttaggcg tttaatggag 720
attgatgcaa tggatatgta cgagatgact tcgtacgacyg ctgtcatgta cgagagtagt 780
cacatacttg atcatctctt ttgacttaat atagtgtgac tgtgtgagtg catgcatgtt 840

<210> SEQ ID NO 112

<211> LENGTH: 267

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G681 polypeptide

<400> SEQUENCE: 112

Met Gly Arg Thr Thr Trp Phe Asp Val Asp Gly Met Lys Lys Gly Glu
1 5 10 15
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302

Trp

Gly

Cys

Ile

65

Leu

Gln

Lys

Ile

Ser

145

Gly

Gln

Glu

Glu

Glu

225

Ile

Tyr

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Val

Gly

50

Arg

His

Asn

Lys

Ile

130

Ser

Ser

His

Ser

Glu

210

Asp

Asp

Glu

Ala

Cys

35

Lys

Arg

Ala

Arg

Arg

115

Lys

Thr

Ser

Ser

Ser

195

Arg

Ile

Ala

Ser

Glu

20

Asp

Ser

Gly

Val

Thr

100

Leu

His

Thr

Arg

Leu

180

Asp

Asp

Gln

Met

Ser
260

Glu

Trp

Cys

Lys

Leu

85

Asp

Ser

Leu

Thr

Leu

165

Asp

Gln

Ser

Ile

Asp

245

His

SEQ ID NO 113
LENGTH:
TYPE: DNA
ORGANISM: Arabidopsis
FEATURE:
OTHER INFORMATION: G1012

476

Asp

Arg

Arg

Phe

70

Gly

Asn

Arg

Thr

Ser

150

Leu

Arg

Ala

Met

Trp

230

Met

Ile

Gln

Ser

Leu

55

Thr

Asn

Asp

Lys

Val

135

Pro

Asn

Ile

Lys

Met

215

Gly

Tyr

Leu

Lys

Leu

40

Arg

Pro

Arg

Ile

Gly

120

Asn

Ser

Lys

Lys

Glu

200

Gly

Glu

Glu

Asp

thaliana

<400> SEQUENCE: 113

aacacacaat

ttctegagat

tattctegat

gtatcccagg

gaggctgteg

ttgtgaggag

gttcacctaa

ctcaatgaga

<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

tegttgatte

aagaagatga

gatggttatc

agctattata

aaggagacga

ctcatgcaaa

ttatgtttgt

tacctaacaa

D NO 114

H: 109
PRT

atcatatctc

aaaatccgeg

gatggagaaa

gatgcacaca

gecattgtgga

ccctaactcec

atatatatta

aagaaaaaaa

Leu

25

Pro

Trp

Gln

Trp

Lys

105

Ile

Thr

Thr

Leu

Tyr

185

Glu

Gln

Glu

Met

His
265

Gly

Lys

Leu

Glu

Ala

Asn

Asp

Thr

Thr

Ala

170

Ile

Glu

Lys

Glu

Thr

250

Leu

Ala

Arg

Asn

Glu

75

Ala

His

Pro

Asn

Glu

155

Ala

Leu

Glu

Ile

Val

235

Ser

Phe

ctcttcatta

attttcgttt

gtacggtcag

acacatgtgt

gacaacttat

tcttettcat

acgttctaag

atttaaaaaa

Tyr

Ala

Tyr

60

Glu

Met

Trp

Met

Ala

140

Ser

Gly

Ser

Lys

Asp

220

Arg

Tyr

Ile

Gly

45

Leu

Glu

Ala

Asn

Thr

125

Asp

Ser

Ile

Asn

Glu

205

Gly

Arg

Asp

Asn

30

Leu

Lys

Ile

Lys

Ser

110

His

Cys

Pro

Ser

Ser

190

Glu

Ser

Leu

Ala

Glu

Gln

Pro

Ile

Lys

95

Cys

Glu

Gly

Ser

Ser

175

Ile

Glu

Glu

Met

Val
255

His

Arg

Gly

Gln

80

Met

Leu

Pro

Asn

Ser

160

Arg

Ile

Glu

Gly

Glu

240

Met

atgaatggcc

cgcacaaaga

aaatccgtca

aacgtgaaga

gaaggaatce

caattgcagt

agcatctcca

aaaaaaaaaa

tegtcgacte

gtgatgcaga

agaacagcett

agcaagttca

ataaccatcc

tcctcetectaa

atggaagtat

aaaaaa

60

120

180

240

300

360

420

476
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425 B2

-continued

304

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 114

Met Asn Gly
1

Arg Phe Ser

Tyr Arg Trp

Pro Arg Ser

50

Gln Val Gln
65

Glu Gly Ile

Pro Leu Leu

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Leu Val Asp Ser Ser

5

Phe Arg Thr Lys Ser

20

Arg Lys Tyr Gly Gln

40

Tyr Tyr Arg Cys Thr

55

Arg Leu Ser Lys Glu

70

His Asn His Pro Cys

85

His Gln Leu Gln Phe

100

D NO 115
H: 912
DNA

RE:

<223> OTHER INFORMATION: G1309

<400> SEQUENCE: 115

cgtegaccte

atctggagag

gaagctcaag

agctggattg

aggactaaag

ttecttgggt

gattaagaac

caaaagccaa

aaatctggaa

aacttcatca

gectaaactyg

tgcttttaca

gatgatgatc

tttgcagect

tgaccaaaat

ttgtgttaca

<210> SEQ I

<211> LENGT.
<212> TYPE:

ttaattaaga

agaccaaaac

agtttcatce

caaaggaatg

agggggtcegt

aacaagtggt

tattggecatt

atatcagacc

accgaaaccc

ccatccaaag

ttettetety

gattccaage

aataacaaca

gatcatgaat

tatgtctaag

gc

D NO 116
H: 268
PRT

cgacttgaga

agagacagag

tctetegtygy

ggaaaagctyg

ttagtgaaga

ctcggattge

cctatcetgaa

tcacagaatc

tagatcacgt

aaagcaacaa

agtggatcag

acattaatga

actactcttce

atgcaaatta

aagagtgaat

Arg

Asp

25

Lys

Gln

Thr

Glu

Leu
105

thaliana

Asp

10

Ala

Ser

His

Ser

Glu

90

Ser

G1012 polypeptide

Lys

Asp

Val

Met

Ile

75

Leu

Lys

gagaaagaaa

gaaagggtta

ccatgettge

cagattaagg

agaagaagag

aaaatattta

gaagagatgg

tccttettea

gatctectte

caacatgatc

ttcttcaaat

aactcaagat

acttgaggat

ttattcttcet

atgatcgtaa

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G1309 polypeptide

<400> SEQUE:

NCE: 116

Lys Met Lys
Ile Leu Asp
30

Lys Asn Ser
45

Cys Asn Val
60

Val Glu Thr

Met Gln Thr

Phe Thr

gatacgtgga
tggtcacctyg
tggaccactyg
tggattaatt
accatcttga
ccgggaagaa
ctcaaatctce
ctactttctt
cagaaatttt
atgaacaaca
ccacacatcg
caaatcaatg
gtcatgctee
ggagatttct

gaggaacata

Asn Pro
15

Asp Gly

Leu Tyr

Lys Lys

Thr Tyr

80

Leu Thr
95

agatgaccaa
aagaagacca
ttceccatect
acctaagacc
ctttacattc
cagacaacga
aaccacaact
gegggaaaag
cagagaatcc
gtaataactt
attactccte
aagaggaagt
gtacagattt
tcatcaacag

agctagttac

Met Thr Lys Ser Gly Glu Arg Pro Lys Gln Arg Gln Arg Lys Gly Leu

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

912



US 9,447,425 B2
305 306

-continued

1 5 10 15

Trp Ser Pro Glu Glu Asp Gln Lys Leu Lys Ser Phe Ile Leu Ser Arg
20 25 30

Gly His Ala Cys Trp Thr Thr Val Pro Ile Leu Ala Gly Leu Gln Arg
35 40 45

Asn Gly Lys Ser Cys Arg Leu Arg Trp Ile Asn Tyr Leu Arg Pro Gly
50 55 60

Leu Lys Arg Gly Ser Phe Ser Glu Glu Glu Glu Glu Thr Ile Leu Thr
65 70 75 80

Leu His Ser Ser Leu Gly Asn Lys Trp Ser Arg Ile Ala Lys Tyr Leu
85 90 95

Pro Gly Arg Thr Asp Asn Glu Ile Lys Asn Tyr Trp His Ser Tyr Leu
100 105 110

Lys Lys Arg Trp Leu Lys Ser Gln Pro Gln Leu Lys Ser Gln Ile Ser
115 120 125

Asp Leu Thr Glu Ser Pro Ser Ser Leu Leu Ser Cys Gly Lys Arg Asn
130 135 140

Leu Glu Thr Glu Thr Leu Asp His Val Ile Ser Phe Gln Lys Phe Ser
145 150 155 160

Glu Asn Pro Thr Ser Ser Pro Ser Lys Glu Ser Asn Asn Asn Met Ile
165 170 175

Met Asn Asn Ser Asn Asn Leu Pro Lys Leu Phe Phe Ser Glu Trp Ile
180 185 190

Ser Ser Ser Asn Pro His Ile Asp Tyr Ser Ser Ala Phe Thr Asp Ser
195 200 205

Lys His Ile Asn Glu Thr Gln Asp Gln Ile Asn Glu Glu Glu Val Met
210 215 220

Met Ile Asn Asn Asn Asn Tyr Ser Ser Leu Glu Asp Val Met Leu Arg
225 230 235 240

Thr Asp Phe Leu Gln Pro Asp His Glu Tyr Ala Asn Tyr Tyr Ser Ser
245 250 255

Gly Asp Phe Phe Ile Asn Ser Asp Gln Asn Tyr Val
260 265

<210> SEQ ID NO 117

<211> LENGTH: 1414

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G158

<400> SEQUENCE: 117

gatctgggta ttatagattg cagattctgg aaacgtatta tgttaatgat tcatttcaag 60
ttttgatttt ttgtgttgga ttgaagagaa gaatagttta ttgatgtttt gtgaagaaga 120
agaagaagag attttgattt tggtttaata tatagttggg gattaacagyg atgggaaggg 180
taaaattgaa gataaagaag ttagagaaca caaatggacg ccaatctaca tttgctaaaa 240
ggaaaaatgyg gatcttgaaa aaggctaatg agctatctat tctttgtgac attgatattg 300
ttcttettat gttetetect actggcaagg ctgcaatatyg ttgcggtaca cgaagatgtt 360
tctetttega aagctcagaa cttgaagaaa actttccaaa agttggatca cgatgtaaat 420
atacgcgaat ttatagcctc aaggacttga gtactcaage aaggattctyg caggctcgga 480
tttctgagat acatggaaga ttaagttatt ggacggaacc agataagatt aacaatgttg 540

aacacttggg acagctcgaa atttcgatta ggcaatccet tgatcaattg cgtgcacaca 600
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308

-continued
agatgcaaga tgggattcag attcctttag aacaacagct tcaatctatg tcatggatte 660
ttaatagcaa caccaccaac attgtcaccg aggaacacaa ttcaatcccyg cagagggaag 720
tcgagtgete agcgagttcet tcattcggga getatccagg ctactttgga acagggaaat 780
ctectgaaat gacaattccg ggtcaagaaa caagetttet tgatgaacta aacaccggac 840
agctgaaaca ggacacaagc tcgcagcage agttcactaa taataataat atcacagcat 900
acaatcccaa tcttcacaat gatatgaatc atcaccaaac gttgectect cctectette 960
ctcttactct teccgcatget caggtgtata ttccaatgaa tcagagagag tatcatatga 1020
atggattctt tgaagcacca ccacctgatt cttcectgctta caacgacaac accaaccaaa 1080
ccaggtttgg ttctagcagc agctccttge cttgctcaat ctcaatgttce gacgaatact 1140
tgttttecca gatgcagcag ccgaactgag agagatttga tgaatgatga taaaacatct 1200
cactgaagaa actcaaacca atattttttt tcagaaacag caagaaagct aaaactctgc 1260
cgatttctga attggttcca agaagaaaaa aaccagtggt aatccctggt agattgtgca 1320
accaaaccac acacaatacg tgttcattta ttttttctat atcttcaata gatgtcactt 1380
aattcttttc tatacataat ttctcagtca gaat 1414

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 118
H: 332
PRT

RE:

<223> OTHER INFORMATION: G158 polypeptide

<400> SEQUENCE: 118

Met Gly Arg
1

Arg Gln Ser

Asn Glu Leu
35

Ser Pro Thr
50

Ser Phe Glu
65

Arg Cys Lys

Ala Arg Ile

Tyr Trp Thr
115

Leu Glu Ile
130

Met Gln Asp
145

Ser Trp Ile

Asn Ser Ile

Gly Ser Tyr

195

Ile Pro Gly

Val Lys Leu Lys Ile

5

Thr Phe Ala Lys Arg

20

Ser Ile Leu Cys Asp

40

Gly Lys Ala Ala Ile

55

Ser Ser Glu Leu Glu

70

Tyr Thr Arg Ile Tyr

85

Leu Gln Ala Arg Ile

100

Glu Pro Asp Lys Ile

120

Ser Ile Arg Gln Ser

135

Gly Ile Gln Ile Pro
150

Leu Asn Ser Asn Thr

165

Pro Gln Arg Glu Val

180

Pro Gly Tyr Phe Gly

200

Gln Glu Thr Ser Phe

Lys

Lys

25

Ile

Cys

Glu

Ser

Ser

105

Asn

Leu

Leu

Thr

Glu
185

Thr

Leu

Lys

10

Asn

Asp

Cys

Asn

Leu

90

Glu

Asn

Asp

Glu

Asn
170
Cys

Gly

Asp

Leu

Gly

Ile

Gly

Phe

75

Lys

Ile

Val

Gln

Gln

155

Ile

Ser

Lys

Glu

Glu Asn Thr
Ile Leu Lys
30

Val Leu Leu
45

Thr Arg Arg
60

Pro Lys Val

Asp Leu Ser

His Gly Arg

110

Glu His Leu
125

Leu Arg Ala
140

Gln Leu Gln

Val Thr Glu

Ala Ser Ser
190

Ser Pro Glu
205

Leu Asn Thr

Asn Gly
15

Lys Ala

Met Phe

Cys Phe

Gly Ser

80

Thr Gln
95

Leu Ser

Gly Gln

His Lys

Ser Met
160

Glu His
175
Ser Phe

Met Thr

Gly Gln
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309 310

-continued

210 215 220

Leu Lys Gln Asp Thr Ser Ser Gln Gln Gln Phe Thr Asn Asn Asn Asn
225 230 235 240

Ile Thr Ala Tyr Asn Pro Asn Leu His Asn Asp Met Asn His His Gln
245 250 255

Thr Leu Pro Pro Pro Pro Leu Pro Leu Thr Leu Pro His Ala Gln Val
260 265 270

Tyr Ile Pro Met Asn Gln Arg Glu Tyr His Met Asn Gly Phe Phe Glu
275 280 285

Ala Pro Pro Pro Asp Ser Ser Ala Tyr Asn Asp Asn Thr Asn Gln Thr
290 295 300

Arg Phe Gly Ser Ser Ser Ser Ser Leu Pro Cys Ser Ile Ser Met Phe
305 310 315 320

Asp Glu Tyr Leu Phe Ser Gln Met Gln Gln Pro Asn
325 330

<210> SEQ ID NO 119

<211> LENGTH: 867

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1641

<400> SEQUENCE: 119

atggaggtta tgagaccgtc gacgtcacac gtgtcaggtg ggaactgget catggaggaa 60
actaagagcg gcegtegecage ttetggtgaa ggtgccacgt ggacggcegge agagaacaag 120
gcattcgaga atgctttgge ggtttacgac gacaacactce ctgatceggtg gcagaaggtyg 180
gectgeggtga ttecggggaa gacagtgagt gacgtaatta gacagtataa cgatttggaa 240
gctgatgtca gcagcatcga ggccggttta atcceggtee ceggttacat cacctcegecg 300
cctttecacte tagattggge cggcggeggt ggcggatgta acgggtttaa accgggtcat 360
caggtttgta ataaacggtc gcaggcecggt agatcgceegyg agetggageyg gaagaaaggce 420
gttecttgga cggaggaaga acacaagcta tttctaatgg gtttgaagaa atatgggaaa 480
ggagattgga gaaacatatc tcggaacttt gtgataacgc gaacgccaac acaagtaget 540
agccacgcce aaaagtactt catccggcaa cttteceggeg gcaaggacaa gagacgagca 600
agcattcacg acataaccac cgtaaatctc gaagaggagg cttctttgga gaccaataag 660
agcteccattyg ttgttggaga tcagcegttca aggctaacceyg cgtttecttyg gaaccaaacyg 720
gacaacaatyg gaacacaggc agacgctttc aatataacga ttggaaacgc tattagtggce 780
gttcattcat acggccaggt tatgattgga gggtataaca atgcagattc ttgctatgac 840
gcccaaaaca caatgtttca actatag 867

<210> SEQ ID NO 120

<211> LENGTH: 288

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: Gl641 polypeptide

<400> SEQUENCE: 120

Met Glu Val Met Arg Pro Ser Thr Ser His Val Ser Gly Gly Asn Trp
1 5 10 15

Leu Met Glu Glu Thr Lys Ser Gly Val Ala Ala Ser Gly Glu Gly Ala
20 25 30
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-continued

312

Thr Trp Thr
35

Tyr Asp Asp
50

Pro Gly Lys
65

Ala Asp Val

Ile Thr Ser

Cys Asn Gly

115

Ala Gly Arg
130

Glu Glu Glu
145

Gly Asp Trp

Thr Gln Val

Gly Gly Lys

195

Asn Leu Glu
210

Val Gly Asp
225

Asp Asn Asn

Ala Ile Ser

Asn Asn Ala
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Ala Ala Glu Asn Lys

Asn Thr Pro Asp Arg

Thr Val Ser Asp Val

70

Ser Ser Ile Glu Ala

85

Pro Pro Phe Thr Leu

100

Phe Lys Pro Gly His

Ser Pro Glu Leu Glu

His Lys Leu Phe Leu
150

Arg Asn Ile Ser Arg

165

Ala Ser His Ala Gln

180

Asp Lys Arg Arg Ala

Glu Glu Ala Ser Leu

Gln Arg Ser Arg Leu
230

Gly Thr Gln Ala Asp

245

Gly Val His Ser Tyr

260

Asp Ser Cys Tyr Asp

D NO 121
H: 952
DNA

RE:

<223> OTHER INFORMATION: G1865

<400> SEQUENCE: 121

aagaagagga

caataaaaac

ttaatctctce

cattcacaga

ctgcaaatat

cttecttette

ttgggtggaa

gtagaagaac

actgtgagag

ctcaattcac

tggatgattt

catgaagcac

atacctacta

tttcttette

atcacaatgg

gectgtteca

ttcttcatct

tgtgtatgag

tgatggcaag

acatatgcat

tccaaatctce

cttctccata

Ala Phe Glu
40
Trp Gln Lys
55
Ile Arg Gln
75
Gly Leu Ile
90
Asp Trp Ala
105
Gln Val Cys
120
Arg Lys Lys
135
Met Gly Leu
155
Asn Phe Val
170
Lys Tyr Phe
185
Ser Ile His
200
Glu Thr Asn
215
Thr Ala Phe
235
Ala Phe Asn
250
Gly Gln Val
265
Ala Gln Asn
280
thaliana
agagattctg cagactgcag
ctctcttaca ctttcaattt
atctctcettt ctetttetet
gaagaacttyg aaaaccaagc
cctecatctte tettectceat
tcttecttcaa gettettete
atgggaatgg gaagaaagat
aaatggagat gctctaaaga
agaggcaaga accgttctte
tttectcegact cttettecag
gaacctteeg ggtcaatcaa

Asn Ala Leu
45

Val Ala Ala
60

Tyr Asn Asp

Pro Val Pro

Gly Gly Gly

110

Asn Lys Arg
125

Gly Val Pro
140

Lys Lys Tyr

Ile Thr Arg

Ile Arg Gln
190

Asp Ile Thr
205

Lys Ser Ser
220

Pro Trp Asn

Ile Thr Ile

Met Ile Gly
270

Thr Met Phe
285

gtgaccaatg
tccaatacaa
cttecatgget
tettgtgtte
caaaagaccc
tcccactett
agatgcagag
agcttaccect
ctcaagaaag
aagaagaaga

aagctgetet

Ala Val

Val Ile

Leu Glu
80

Gly Tyr
95

Gly Gly

Ser Gln

Trp Thr

Gly Lys

160

Thr Pro
175

Leu Ser

Thr Val

Ile Val

Gln Thr
240

Gly Asn
255

Gly Tyr

Gln Leu

gacactttat
atcccaatct
acaaggattc
aagtacttag
tttctecttet
tctecacact
ccaggaagat
gactctaagt
cctectecta
agtggataca

ggctcagcaa

60

120

180

240

300

360

420

480

540

600

660
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314

-continued
tggaagataa tgatgatggc tcatgtagag gcatcaacaa cgaggagaag cagccggatce 720
gacattgctt catccttggt actgacttga ggacacgtga gaggccattg atgttagagg 780
agaagctgaa acaaagagat catgataatg aagaagagca aggaagcaag aggttttata 840
ggtttcttga tgaatggcct tcttctaaat cttctgttte tacttcactce ttcatttgat 900
catcttttgt tcttataacc ttgtatttct tgttaagatg gtaatgcaaa tt 952

<210> SEQ ID NO 122
<211> LENGTH: 283

<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

PRT

<220> FEATURE:
<223> OTHER INFORMATION: G1865 polypeptide

<400> SEQUENCE: 122

Met Asp Thr
1

Asn Phe Pro
Ser Leu Ser
35

Ser Gln Trp
50

Ala Ala Asn
65

Pro Phe Leu

Phe Ser Pro

Gly Met Gly

115

Asp Gly Lys
130

Tyr Cys Glu
145

Lys Pro Pro

Ser Arg Arg

Pro Ser Gly
195

Asp Asp Gly
210

Arg His Cys
225

Leu Met Leu

Glu Gln Gly

Ser Lys Ser
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Ser Ile Lys Thr

5

Ile Gln Ile Pro Ile

Leu Ser Leu Phe Met

40

Glu Glu Leu Glu Asn

55

Met Pro Val Pro Pro

70

Phe Ser Ser Ser Ser

Thr Leu Ser Pro His

100

Arg Lys Ile Asp Ala

120

Lys Trp Arg Cys Ser

135

Arg His Met His Arg
150

Pro Thr Gln Phe Thr

165

Arg Arg Ser Gly Tyr

180

Ser Ile Lys Ser Cys

200

Ser Cys Arg Gly Ile

215

Phe Ile Leu Gly Thr
230

Glu Glu Lys Leu Lys

245

Ser Lys Arg Phe Tyr

260

Ser Val Ser Thr Ser

D NO 123
H: 450
DNA

280

Tyr

Phe

25

Ala

Gln

His

Ser

Phe

105

Glu

Lys

Gly

Pro

Met

185

Ser

Asn

Asp

Gln

Arg
265

Leu

Leu

10

Asn

Thr

Ala

Leu

Ser

90

Gly

Pro

Glu

Lys

Asn

170

Asp

Gly

Asn

Leu

Arg

250

Phe

Phe

Leu

Leu

Arg

Leu

Leu

75

Ser

Trp

Gly

Ala

Asn

155

Leu

Asp

Ser

Glu

Arg

235

Asp

Leu

Ile

Leu Ser Tyr
Ser Phe Phe
30

Ile Pro Phe
45

Val Phe Lys
60

Phe Leu Ile

Ser Ser Ser

Asn Val Tyr

110

Arg Cys Arg
125

Tyr Pro Asp
140

Arg Ser Ser

Phe Leu Asp

Phe Phe Ser

190

Ala Met Glu
205

Glu Lys Gln
220

Thr Arg Glu

His Asp Asn

Asp Glu Trp
270

Thr Phe
15

Phe Ile

Thr Glu

Tyr Leu

Lys Arg
80

Ser Phe
95

Glu Met

Arg Thr

Ser Lys

Ser Arg
160

Ser Ser
175

Ile Glu

Asp Asn

Pro Asp

Arg Pro
240

Glu Glu
255

Pro Ser
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315 316

-continued
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2094
<400> SEQUENCE: 123
atgctagatc ccaccgagaa agtaatcgat tcagaatcaa tggaaagcaa actcacatca 60
gtagatgcga tcgaagaaca cagcagcagt agcagtaatg aagctatcag caacgagaag 120
aagagttgtg ccatttgtgg taccagcaaa acccctcettt ggegaggegyg tcectgecggt 180
cccaagtege tttgtaacge atgcgggatce agaaacagaa agaaaagaag aacactgatce 240
tcaaatagat cagaagataa gaagaagaag agtcataaca gaaacccgaa gtttggtgac 300
tcgttgaage agcgattaat ggaattgggg agagaagtga tgatgcageyg atcaacggcet 360
gagaatcaac ggcggaataa gcttggcgaa gaagagcaag ccgccegtgtt actcatgget 420
ctctcttatg cttcettecegt ttatgcttaa 450

<210> SEQ ID NO 124

<211> LENGTH: 149

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G2094 polypeptide

<400> SEQUENCE: 124

Met Leu Asp Pro Thr Glu Lys Val Ile Asp Ser Glu Ser Met Glu Ser
1 5 10 15

Lys Leu Thr Ser Val Asp Ala Ile Glu Glu His Ser Ser Ser Ser Ser
20 25 30

Asn Glu Ala Ile Ser Asn Glu Lys Lys Ser Cys Ala Ile Cys Gly Thr
35 40 45

Ser Lys Thr Pro Leu Trp Arg Gly Gly Pro Ala Gly Pro Lys Ser Leu
50 55 60

Cys Asn Ala Cys Gly Ile Arg Asn Arg Lys Lys Arg Arg Thr Leu Ile
65 70 75 80

Ser Asn Arg Ser Glu Asp Lys Lys Lys Lys Ser His Asn Arg Asn Pro
85 90 95

Lys Phe Gly Asp Ser Leu Lys Gln Arg Leu Met Glu Leu Gly Arg Glu
100 105 110

Val Met Met Gln Arg Ser Thr Ala Glu Asn Gln Arg Arg Asn Lys Leu
115 120 125

Gly Glu Glu Glu Gln Ala Ala Val Leu Leu Met Ala Leu Ser Tyr Ala
130 135 140

Ser Ser Val Tyr Ala
145

<210> SEQ ID NO 125

<211> LENGTH: 750

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G211

<400> SEQUENCE: 125

atgatgtcat gtggtgggaa gaagccagtyg tctaagaaaa caacgecgtyg ttgcacgaag 60
atggggatga agagaggacc atggacggtg gaggaagacg agattcttgt gagcettcatt 120
aagaaagaag gtgaaggacg gtggcgatcg cttectaaga gagetggttt actcagatgt 180

ggaaagagct gtcgtctacg gtggatgaac tatctccgac ccteggttaa acgtggagga 240
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-continued
attacgtcgg acgaggaaga tctcatccte cgtcettcace gectectegyg caacaggtgg 300
tcattgatcg cgggaaggat accgggaagg actgataatg aaattaagaa ctattggaac 360
actcatctte gtaagaaact tttaaggcaa ggaattgatc ctcaaaccca caagectcett 420
gatgcaaaca acatccataa accagaagaa gaagtttccg gtggacaaaa gtaccctcta 480
gagectattt ctagttctca tactgatgat accactgtta atggcgggga tggagatagce 540
aagaacagta tcaatgtctt tggtggtgaa cacggctacyg aagactttgg tttctgctac 600
gacgacaagt tctcatcgtt tcttaattcg ctcatcaacg atgttggtga tccttttggt 660
aatattatcc caatatctca acctttgcag atggatgatt gtaaggatgg gattgttgga 720
gcgtegtett ctagcettagg acatgactag 750

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 126
H: 249
PRT

RE:

<223> OTHER INFORMATION: G211 polypeptide

<400> SEQUENCE: 126

Met Met Ser
1

Cys Cys Thr

Asp Glu Ile

Arg Ser Leu
50

Arg Leu Arg
65

Ile Thr Ser

Gly Asn Arg

Asn Glu Ile
115

Arg Gln Gly
130

Ile His Lys
145

Glu Pro Ile

Asp Gly Asp

Tyr Glu Asp

195

Asn Ser Leu
210

Ile Ser Gln
225

Ala Ser Ser

<210> SEQ I

Cys Gly Gly Lys Lys

5

Lys Met Gly Met Lys

20

Leu Val Ser Phe Ile

Pro Lys Arg Ala Gly

55

Trp Met Asn Tyr Leu

70

Asp Glu Glu Asp Leu

85

Trp Ser Leu Ile Ala

100

Lys Asn Tyr Trp Asn

120

Ile Asp Pro Gln Thr

135

Pro Glu Glu Glu Val
150

Ser Ser Ser His Thr

165

Ser Lys Asn Ser Ile

180

Phe Gly Phe Cys Tyr

200

Ile Asn Asp Val Gly

215

Pro Leu Gln Met Asp
230

Ser Ser Leu Gly His

245

D NO 127

Pro

Arg

25

Lys

Leu

Arg

Ile

Gly

105

Thr

His

Ser

Asp

Asn

185

Asp

Asp

Asp

Asp

Val

10

Gly

Lys

Leu

Pro

Leu

90

Arg

His

Lys

Gly

Asp

170

Val

Asp

Pro

Cys

Ser

Pro

Glu

Arg

Ser

75

Arg

Ile

Leu

Pro

Gly

155

Thr

Phe

Lys

Phe

Lys
235

Lys Lys Thr
Trp Thr Val
30

Gly Glu Gly
45

Cys Gly Lys
60

Val Lys Arg

Leu His Arg

Pro Gly Arg
110

Arg Lys Lys
125

Leu Asp Ala
140

Gln Lys Tyr

Thr Val Asn

Gly Gly Glu
190

Phe Ser Ser
205

Gly Asn Ile
220

Asp Gly Ile

Thr Pro
15

Glu Glu

Arg Trp

Ser Cys

Gly Gly

80

Leu Leu
95

Thr Asp

Leu Leu

Asn Asn

Pro Leu

160
Gly Gly

175

His Gly

Phe Leu

Ile Pro

Val Gly
240
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320

<211> LENGTH: 1195

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G242

<400> SEQUENCE: 127

ctctcaaaac caaaatcact aaagaggaga agattgctaa agtttgataa aacattccaa

aatcaatgge tgataggatc aaaggtccat ggagtcctga agaagacgag cagcttegta

ggcttgttgt taaatacggt ccaagaaact ggacagtgat tagcaaatct attceccggta

gatcggggaa atcgtgtcegt ttacggtggt gcaaccaget ttegecgcaa gttgageatc

ggcegtttte ggctgaggaa gacgagacga tcgcacgtge tcacgctcag ttegggaata

aatgggcgac gattgetegt cttetcaacg gtegtacgga caacgecgtyg aagaatcact

ggaactcgac gctcaagagg aaatgcggeg gttacgacca teggggttac gatggttegg

aggatcatcg gccggttaag agatcggtga gtgegggate tecaccetgtt gttactggge

tttacatgag cccaggaage ccaactggat ctgatgtcag tgattcaagt actatcccga

tattacctte cgttgagett ttcaagectg tgectagace tggtgetgtt gtgctaccge

ttcctatcega aacgtegtet ttttecgatg atccaccgac ttegttaage ttgtcactte

ctggtgccega cgtaagegag gagtcaaacce gtagecacga gtcaacgaat atcaacaaca

ccacttcgag ccgccacaac cacaacaata cggtgtegtt tatgeegttt agtggtgggt

ttagaggtgce gattgaggaa atggggaagt cttttcecegg taacggagge gagtttatgg

cggtggtgca agagatgatt aaggcggaag tgaggagtta catgacggag atgcaacgga

acaatggtgg cggattcgte ggaggattca ttgataatgg catgatteccg atgagtcaaa

ttggagttgg gagaatcgag tagacaaagt gagattatta ggaaactgtt taaattggag

aagaagaaaa atgctctgtt tttttetect ttggattagg cttaagaatt ttgggtttta

aggaaatgta tagaggaaat cgagtgaaca aagctcgaga getggggacg tagtgacgaa

gacgaagatc aaatttctcet taagctattc aggaaaataa aataaatttt tattt

<210> SEQ ID NO 128

<211> LENGTH: 305

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G242 polypeptide

<400> SEQUENCE: 128

Met
1

Leu

Ser

Cys

Glu

65

Ala

Asn

Ala Asp Arg Ile Lys Gly Pro Trp Ser Pro Glu Glu Asp Glu Gln
5 10 15

Arg Arg Leu Val Val Lys Tyr Gly Pro Arg Asn Trp Thr Val Ile
20 25 30

Lys Ser Ile Pro Gly Arg Ser Gly Lys Ser Cys Arg Leu Arg Trp
35 40 45

Asn Gln Leu Ser Pro Gln Val Glu His Arg Pro Phe Ser Ala Glu
50 55 60

Asp Glu Thr Ile Ala Arg Ala His Ala Gln Phe Gly Asn Lys Trp
70 75 80

Thr Ile Ala Arg Leu Leu Asn Gly Arg Thr Asp Asn Ala Val Lys
85 90 95

His Trp Asn Ser Thr Leu Lys Arg Lys Cys Gly Gly Tyr Asp His
100 105 110

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1195
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322

Arg Gly Tyr
115

Ser Ala Gly
130

Ser Pro Thr
145

Pro Ser Val

Leu Pro Leu

Ser Leu Ser

195

Arg Ser His
210

Asn His Asn
225

Gly Ala Ile

Phe Met Ala

Met Thr Glu

275

Ile Asp Asn
290

Glu
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Gly Ser Glu Asp

120

Ser Pro Pro Val Val

135

Gly Ser Asp Val Ser
150

Glu Leu Phe Lys Pro

165

Pro Ile Glu Thr Ser

180

Leu Ser Leu Pro Gly

200

Glu Ser Thr Asn Ile

215

Asn Thr Val Ser Phe
230

Glu Glu Met Gly Lys

245

Val vVal Gln Glu Met

260

Met Gln Arg Asn Asn

280

Gly Met Ile Pro Met

D NO 129
H: 1379
DNA

295

His

Thr

Asp

Val

Ser

185

Ala

Asn

Met

Ser

Ile

265

Gly

Ser

Arg

Gly

Ser

Pro

170

Phe

Asp

Asn

Pro

Phe

250

Lys

Gly

Gln

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G2589

<400> SEQUENCE: 129

aaagaaaaga

acactttegg

gctgacaact

aacggtgtgg

ggcgacagaa

caaagaacaa

ttttatgttt

tcaagattta

ccttacagaa

caatcctect

gggtgccaat

tgttgcgggt

atttcataac

tggttttagt

ggttcattac

aaaataaaga

agagccacat

ctctgtgaca

ccgtcaacceyg

cggtccaaga

aacaaactag

gattgegtty

agtcttttta

tatggtgagt

gttgttgcag

cttectgtty

gccaatctte

atgaatgtga

gatcatattc

caggctettyg

taatgaggac

tcaggaagag

tcaaagcatg

aaggtgttca

cgatgatgag

agagtctacg

gaggcaagat

ctgatcaata

cttcttette

atcaagctge

ttgctgatca

ctgttgttge

accagaatca

aatatcagaa

ctgttgcggg

Pro

Leu

Ser

155

Arg

Ser

Val

Thr

Phe

235

Pro

Ala

Gly

Ile

gaagactaag

gaatgcaggg

tgcggtaatc

agaggtgatt

tcatgagact

tcgtgaaaac

gagtgagcaa

tcttaatcag

tgttcctect

ggtaactgtt

agctgeggta

agatcaagct

gtatgagccyg

tatgaacttc

tgcecggtett

Val Lys Arg
125

Tyr Met Ser
140

Thr Ile Pro

Pro Gly Ala

Asp Asp Pro

190

Ser Glu Glu
205

Thr Ser Ser
220

Ser Gly Gly

Gly Asn Gly

Glu Val Arg

270

Phe Val Gly
285

Gly Val Gly
300

ttagtactca
ataaggaaga
tacagtcegt
tcggagttca
ttcttgceggy
cgagaaactce
cagtatggtyg
cttaatgceca
ctgtttgatyg
cctectttgt
actgtteccte
geggttaatg
gttcagcect
aatcaaaacc

cctatgacte

Ser Val

Pro Gly

Ile Leu
160

Val Val
175

Pro Thr

Ser Asn

Arg His

Phe Arg

240

Gly Glu
255

Ser Tyr

Gly Phe

Arg Ile

tacctgatag
aactccacga
tcgagaatcce
tggagaagcc
accaaatcac
agcttaagca
caagggacct
ggaagaagtt
ttgcgggtyge
ttgetgttyge
ctetgtttyge
ttcctactygy
atgtcectac
aacaagagcc

agaatcagta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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tgagcecegtt

gcagtatgag

gcatatgaat

aggtgccggt

tggttttagt

ggttcaatac

gaatttgaac

catgaatatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

cactaccaga gtcttgetgt

ccggttcage cttatatcce

ttgtatcaaa atcaacaaga

cttectatga atcagaatca

gatcattttce agtttgagaa

caagctcctyg ttgattttaa

cagaatatga gtttggatcc

ttgacagaat atccttatga

PRT

SEQUENCE :

Met Arg Thr Lys

1

Arg

Glu

Pro

65

Met

Asn

Gly
Asn
145

Ser

Ala

Pro

Gln

225

Gln

Asp

Pro

Ala

Leu

Phe

50

Ile

Met

Lys

Phe

Ala

130

Gln

Ser

Val

Gly

Pro

210

Ala

Asn

His

Val

Thr

Thr

35

Glu

Ser

Ser

Leu

Met

115

Arg

Leu

Ser

Ala

Ala

195

Leu

Ala

Gln

Ile

His
275

Phe

20

Thr

Asn

Glu

His

Glu

100

Phe

Asp

Asn

Val

Asp

180

Asn

Phe

Val

Tyr

Gln
260

Tyr

SEQ ID NO 130
LENGTH:
TYPE :
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G2589 polypeptide

443

130

Thr

5

Arg

Leu

Pro

Phe

Glu

85

Ser

Asp

Leu

Ala

Pro

165

Gln

Leu

Ala

Asn

Glu
245

Tyr

Gln

Lys Leu Val

Lys Arg Asn

Cys Asp Ile

40

Thr Val Trp
55

Met Glu Lys
70

Thr Phe Leu

Leu Arg Arg

Cys Val Gly
120

Gln Asp Leu
135

Arg Lys Lys
150

Pro Leu Phe

Ala Ala Val

Pro Val Val
200

Val Ala Gly
215

Val Pro Thr
230

Pro Val Gln

Gln Asn Met

Ala Leu Ala
280

cgcgggtgge

tactgttttt

gecggtteac

gtatgagccyg

tatgaatttg

tcatcagatt

aaatcagtat

ataagcgggt

Leu

Ala

25

Lys

Pro

Pro

Arg

Glu

105

Gly

Ser

Phe

Asp

Thr

185

Ala

Ala

Gly

Pro

Asn
265

Val

Ile

10

Gly

Ala

Ser

Ala

Asp

90

Asn

Lys

Leu

Leu

Val

170

Val

Asp

Asn

Phe

Tyr
250

Phe

Ala

Pro

Ile

Cys

Thr

Thr

75

Gln

Arg

Met

Phe

Thr

155

Ala

Pro

Gln

Leu

His
235
Val

Asn

Gly

ggtcttecta tgagtcagtt

agtgataatg

taccaagctce

gttcagcect

aatcaaaatc

caacaaggaa

ccgtttcaaa

tatgttggag

Asp

Arg

Ala

Glu

60

Glu

Ile

Glu

Ser

Thr

140

Glu

Gly

Pro

Ala

Pro

220

Asn

Pro

Gln

Ala

Arg

Lys

Val

45

Gly

Arg

Thr

Thr

Glu

125

Asp

Tyr

Ala

Leu

Ala

205

Val

Met

Thr

Asn

Gly
285

His

Lys

30

Ile

Val

Ser

Lys

Gln

110

Gln

Gln

Gly

Asn

Phe

190

Val

Val

Asn

Gly

Gln
270

Leu

ttcaatatca
ttggtgttygce
atgtcectac
aacaggagcc
actatgatat
atgatccatt

agcatgcac

Phe Arg
15

Leu His

Tyr Ser

Gln Glu

Lys Thr
80

Glu Gln
95

Leu Lys

Gln Tyr

Tyr Leu

Glu Ser
160

Pro Pro
175

Ala Val

Thr Val

Ala Asp

Val Asn

240

Phe Ser
255

Gln Glu

Pro Met

960

1020

1080

1140

1200

1260

1320

1379
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Thr Gln Asn Gln Tyr Glu Pro Val His Tyr Gln Ser Leu Ala Val Ala
290 295 300

Gly Gly Gly Leu Pro Met Ser Gln Leu Gln Tyr Glu Pro Val Gln Pro
305 310 315 320

Tyr Ile Pro Thr Val Phe Ser Asp Asn Val Gln Tyr Gln His Met Asn
325 330 335

Leu Tyr Gln Asn Gln Gln Glu Pro Val His Tyr Gln Ala Leu Gly Val
340 345 350

Ala Gly Ala Gly Leu Pro Met Asn Gln Asn Gln Tyr Glu Pro Val Gln
355 360 365

Pro Tyr Val Pro Thr Gly Phe Ser Asp His Phe Gln Phe Glu Asn Met
370 375 380

Asn Leu Asn Gln Asn Gln Gln Glu Pro Val Gln Tyr Gln Ala Pro Val
385 390 395 400

Asp Phe Asn His Gln Ile Gln Gln Gly Asn Tyr Asp Met Asn Leu Asn
405 410 415

Gln Asn Met Ser Leu Asp Pro Asn Gln Tyr Pro Phe Gln Asn Asp Pro
420 425 430

Phe Met Asn Met Leu Thr Glu Tyr Pro Tyr Glu
435 440

<210> SEQ ID NO 131

<211> LENGTH: 2330

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G274

<400> SEQUENCE: 131

agctttatac tttectggcta ctgcaagete atcagtgaaa agagcttaaa ccagagagat 60
ctgataagag aaattttaga gtctctctge ttcaacaaga tctacatcga ccaggagatt 120
agaaagaatc atgggttcta agcataaccce accagggaat aacagatcga gaagtacact 180
atctctactc gttgtggttg gtttatgttg tttecttetat cttcecttggag catggcaaaa 240
gagtgggttt ggtaaaggag atagcatagc tatggagatt acaaagcaag cgcagtgtac 300
tgacattgtce actgatcttg attttgaacc tcatcacaac acagtgaaga tcccacataa 360
agctgatcce aaacctgttt ctttcaaacc gtgtgatgtyg aagctcaagg attacacgcce 420
ttgtcaagag caagaccgag ctatgaagtt cccgagagag aacatgattt acagagagag 480
acattgtcct cctgataatg agaagctgeg ttgtettgtt ccagetccta aagggtatat 540
gactccttte ccttggccta aaagcagaga ttatgttcac tatgctaatg ctectttcaa 600
gagcttgact gtcgaaaaag ctggacagaa ttgggttcag tttcaaggga atgtgtttaa 660
attcectggt ggaggaacta tgtttectca aggtgctgat gegtatattyg aagagctage 720
ttetgttate cctatcaaag atggctetgt tagaaccgea ttggacactyg gatgtggggt 780
tgctagttgg ggtgcttata tgcttaagag gaatgttttyg actatgtegt ttgcgecaag 840
ggataaccac gaagcacaag tccagtttgce gettgagaga ggtgttccag cgattatcege 900
tgttcttgga tcaatcctte ttecttacce tgcaagagece tttgacatgyg ctcaatgcete 960

tcgatgettg ataccatgga ccgcaaacga gggaacatac ttaatggaag tagatagagt 1020

cttgagacct ggaggttact gggtcttatc gggtcctceca atcaactgga agacatggca 1080

caagacgtgg aaccgaacta aagcagagct aaatgccgag caaaagagaa tagagggaat 1140
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cgcagagtcce ttatgctggg agaagaagta tgagaaggga gacattgcaa ttttcagaaa 1200
gaaaataaac gatagatcat gcgatagatc aacaccggtt gacacctgca aaagaaagga 1260
cactgacgat gtctggtaca aggagataga aacgtgtgta acaccattcc ctaaagtatc 1320
aaacgaagaa gaagttgctg gaggaaagct aaagaagttc cccgagaggc tattcgcagt 1380
gccteccaagt atctctaaag gtttgattaa tggcgtcgac gaggaatcat accaagaaga 1440
catcaatcta tggaagaagc gagtgaccgg atacaagaga attaacagac tgataggttc 1500
caccagatac cgtaatgtga tggatatgaa cgccggtett ggtggattcg ctgctgecget 1560
tgaatcgcct aaatcgtggg ttatgaatgt gattccaacc attaacaaga acacattgag 1620
tgttgtttat gagagaggtc tcattggtat ctatcatgac tggtgtgaag gcttttcaac 1680
ttatccaaga acatacgatt tcattcacgc tagtggtgtc ttcagcttgt atcagcacag 1740
ctgcaaactt gaggatattc ttcttgaaac tgatcggatt ttacgaccgg aagggattgt 1800
gattttcecgg gatgaggttg atgttttgaa tgatgtgagg aagatcgttg atggaatgag 1860
atgggatact aagttaatgg atcatgaaga cggtcctcectc gtgccggaga agattcttgt 1920
cgccacgaag cagtattggg tagccggcga cgatggaaac aattctccgt cgtcttctaa 1980
tagtgaagaa gaataaaaca aaaacaaaaa actcctcagg ttactaagct tgaagtgtag 2040
atctatttta caacatctgg aaaattctta tcaaaaaagg aaggaatcag aatttccatt 2100
aaagaaaggt gtcaaaaaaa agttgtaaaa ctatatagta gtgatcaaga cgaatatgtg 2160
catttatgtt ttatttttgt tccctagttt ttaattttat ttttttgaag gaagaaaaaa 2220
ttagttccat gtgtttttgce aagatagttg aaaccttgga cgcttgttat gtatgatgceg 2280
atcttgacat tttttaataa cagttatttt aaataaattt atgatataaa 2330

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 132
H: 621
PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G274 polypeptide

<400> SEQUENCE: 132

Met Gly Ser
1

Leu Ser Leu

Gly Ala Trp
35

Glu Ile Thr

Phe Glu Pro
65

Lys Pro Val

Pro Cys Gln

Ile Tyr Arg
115

Leu Val Pro
130

Ser Arg Asp
145

Lys His Asn Pro Pro

5

Leu Val Val Val Gly

20

Gln Lys Ser Gly Phe

40

Lys Gln Ala Gln Cys

55

His His Asn Thr Val

70

Ser Phe Lys Pro Cys

85

Glu Gln Asp Arg Ala

100

Glu Arg His Cys Pro

120

Ala Pro Lys Gly Tyr

135

Tyr Val His Tyr Ala
150

Gly Asn Asn
10

Leu Cys Cys
25

Gly Lys Gly

Thr Asp Ile

Lys Ile Pro
75

Asp Val Lys
90

Met Lys Phe
105

Pro Asp Asn

Met Thr Pro

Asn Ala Pro
155

Arg Ser Arg

Phe Phe Tyr
30

Asp Ser Ile
45

Val Thr Asp
60

His Lys Ala

Leu Lys Asp

Pro Arg Glu
110

Glu Lys Leu
125

Phe Pro Trp
140

Phe Lys Ser

Ser Thr
15

Leu Leu

Ala Met

Leu Asp

Asp Pro

80

Tyr Thr

95

Asn Met

Arg Cys

Pro Lys

Leu Thr
160
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Lys

Ile

Thr

Leu

225

Glu

Ala

Met

Thr

305

Asn

Ile

Ala

Pro

Glu

385

Glu

Ser

Lys

Asp

465

Lys

Ser

Glu

Gly

Leu
545

Asp

Glu

Phe

Glu

Ala

210

Lys

Ala

Val

Ala

Tyr

290

Leu

Arg

Ala

Ile

Val

370

Ile

Val

Pro

Tyr

Arg

450

Met

Ser

Val

Gly

Val

530

Glu

Glu

Lys

Pro

Glu

195

Leu

Arg

Gln

Leu

Gln

275

Leu

Ser

Thr

Glu

Phe

355

Asp

Glu

Ala

Pro

Gln

435

Ile

Asn

Trp

Val

Phe

515

Phe

Thr

Val

Ala

Gly

180

Leu

Asp

Asn

Val

Gly

260

Cys

Met

Gly

Lys

Ser

340

Arg

Thr

Thr

Gly

Ser

420

Glu

Asn

Ala

Val

Tyr

500

Ser

Ser

Asp

Asp

Gly

165

Gly

Ala

Thr

Val

Gln

245

Ser

Ser

Glu

Pro

Ala

325

Leu

Lys

Cys

Cys

Gly

405

Ile

Asp

Arg

Gly

Met

485

Glu

Thr

Leu

Arg

Val
565

Gln

Gly

Ser

Gly

Leu

230

Phe

Ile

Arg

Val

Pro

310

Glu

Cys

Lys

Lys

Val

390

Lys

Ser

Ile

Leu

Leu

470

Asn

Arg

Tyr

Tyr

Ile
550

Leu

Asn Trp Val Gln Phe Gln Gly Asn Val
170 175

Thr Met Phe Pro Gln Gly Ala Asp Ala
185 190

Val Ile Pro Ile Lys Asp Gly Ser Val
200 205

Cys Gly Val Ala Ser Trp Gly Ala Tyr
215 220

Thr Met Ser Phe Ala Pro Arg Asp Asn
235

Ala Leu Glu Arg Gly Val Pro Ala Ile
250 255

Leu Leu Pro Tyr Pro Ala Arg Ala Phe
265 270

Cys Leu Ile Pro Trp Thr Ala Asn Glu
280 285

Asp Arg Val Leu Arg Pro Gly Gly Tyr
295 300

Ile Asn Trp Lys Thr Trp His Lys Thr
315

Leu Asn Ala Glu Gln Lys Arg Ile Glu
330 335

Trp Glu Lys Lys Tyr Glu Lys Gly Asp
345 350

Ile Asn Asp Arg Ser Cys Asp Arg Ser
360 365

Arg Lys Asp Thr Asp Asp Val Trp Tyr
375 380

Thr Pro Phe Pro Lys Val Ser Asn Glu
395

Leu Lys Lys Phe Pro Glu Arg Leu Phe
410 415

Lys Gly Leu Ile Asn Gly Val Asp Glu
425 430

Asn Leu Trp Lys Lys Arg Val Thr Gly
440 445

Ile Gly Ser Thr Arg Tyr Arg Asn Val
455 460

Gly Gly Phe Ala Ala Ala Leu Glu Ser
475

Val Ile Pro Thr Ile Asn Lys Asn Thr
490 495

Gly Leu Ile Gly Ile Tyr His Asp Trp
505 510

Pro Arg Thr Tyr Asp Phe Ile His Ala
520 525

Gln His Ser Cys Lys Leu Glu Asp Ile
535 540

Leu Arg Pro Glu Gly Ile Val Ile Phe
555

Asn Asp Val Arg Lys Ile Val Asp Gly
570 575

Phe

Tyr

Arg

Met

His

240

Ile

Asp

Gly

Trp

Trp

320

Gly

Ile

Thr

Lys

Glu

400

Ala

Glu

Tyr

Met

Pro

480

Leu

Cys

Ser

Leu

Arg
560

Met
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332

Arg Trp Asp Thr Lys Leu Met Asp His Glu Asp Gly Pro Leu Val Pro
580 585 590

Glu Lys Ile Leu Val Ala Thr Lys Gln Tyr Trp Val Ala Gly Asp Asp
595 600 605

Gly Asn Asn Ser Pro Ser Ser Ser Asn Ser Glu Glu Glu
610 615 620

<210> SEQ ID NO 133

<211> LENGTH: 1226

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G598

<400> SEQUENCE: 133

gtccgttgte atattttaaa tttatcacct tcttgagaat tccacatttt tatccttttt
gtcatgtagt gtatattttt tcctctaacc taattaaaat caaaacaaaa tcctttgacc
caattagctt cgcgatatat cagaagagat caaactactt tgatcagacc atgatcttcet
tcttettett cttettette ttettetttt tagacgatca caattcectaa accctatttce
tcagattatg ctgactcttt accatcaaga aaggtcaccg gacgccacaa gtaatgatcg
cgatgagacg ccagagactg tggttagaga agtccacgeg ctaactccag cgecggagga
taattccegg acgatgacgg cgacgctace tccaccgect getttecgag getattttte
tcctecaagyg tcagegacga cgatgagega aggagagaac ttcacaacta taagcagaga
gttcaacgct ctagtcatcg cecggatccte catggagaac aacgaactaa tgactcegtga
cgtcacgcag cgtgaagatg agagacaaga cgagttgatg agaatccacg aggacacgga
tcatgaagag gaaacgaatc ctttagcaat cgtgecggat cagtatcetg gttegggttt
ggatcctgga agtgataatg ggccgggtca gagtcegggtt gggtegacgyg tgcaaagagt
taagagggaa gaggtggaag cgaagataac ggegtggcag acggcaaaac tggctaagat
taataacagg tttaagaggg aagacgccgt tattaacggt tggtttaatg aacaagttaa
caaggccaac tcttggatga agaaaattga gtataatgta ggttcattca acaatcgtcet
aaatgaggaa gctagaggag agaaaagcaa aagcgatgga gaaaacgcaa aacaatgtgg
cgaaagcgca gaggaaagceg gaggagagaa gagcgacggce agaggcaaag agagggacag
aggttgcaaa agtagttgaa gttgctaatc tcatgagage ccttggacgt cctectgeca
aacgctccett cttetettte tectaatttt tagttatatce aaaccattaa attaaacagt
actcgttata tatctagtta gtaaacaaag gggcagtttt atagctcatg tacacataat
tgagagtgta gtactgttgt gtcaaa

<210> SEQ ID NO 134

<211> LENGTH: 263

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G598 polypeptide

<400> SEQUENCE: 134

Met Leu Thr Leu Tyr His Gln Glu Arg Ser Pro Asp Ala Thr Ser Asn
1 5 10 15

Asp Arg Asp Glu Thr Pro Glu Thr Val Val Arg Glu Val His Ala Leu
20 25 30

Thr Pro Ala Pro Glu Asp Asn Ser Arg Thr Met Thr Ala Thr Leu Pro
35 40 45

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1226
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Pro Pro Pro Ala Phe Arg Gly Tyr Phe Ser Pro Pro Arg Ser Ala Thr
50 55 60

Thr Met Ser Glu Gly Glu Asn Phe Thr Thr Ile Ser Arg Glu Phe Asn
65 70 75 80

Ala Leu Val Ile Ala Gly Ser Ser Met Glu Asn Asn Glu Leu Met Thr
85 90 95

Arg Asp Val Thr Gln Arg Glu Asp Glu Arg Gln Asp Glu Leu Met Arg
100 105 110

Ile His Glu Asp Thr Asp His Glu Glu Glu Thr Asn Pro Leu Ala Ile
115 120 125

Val Pro Asp Gln Tyr Pro Gly Ser Gly Leu Asp Pro Gly Ser Asp Asn
130 135 140

Gly Pro Gly Gln Ser Arg Val Gly Ser Thr Val Gln Arg Val Lys Arg
145 150 155 160

Glu Glu Val Glu Ala Lys Ile Thr Ala Trp Gln Thr Ala Lys Leu Ala
165 170 175

Lys Ile Asn Asn Arg Phe Lys Arg Glu Asp Ala Val Ile Asn Gly Trp
180 185 190

Phe Asn Glu Gln Val Asn Lys Ala Asn Ser Trp Met Lys Lys Ile Glu
195 200 205

Tyr Asn Val Gly Ser Phe Asn Asn Arg Leu Asn Glu Glu Ala Arg Gly
210 215 220

Glu Lys Ser Lys Ser Asp Gly Glu Asn Ala Lys Gln Cys Gly Glu Ser
225 230 235 240

Ala Glu Glu Ser Gly Gly Glu Lys Ser Asp Gly Arg Gly Lys Glu Arg
245 250 255

Asp Arg Gly Cys Lys Ser Ser
260

<210> SEQ ID NO 135

<211> LENGTH: 828

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1543

<400> SEQUENCE: 135

atgataaaac tactatttac gtacatatgc acatacacat ataaactata tgctctatat 60
catatggatt acgcatgcgt gtgtatgtat aaatataaag gcatcgtcac gcttcaagtt 120
tgtctetttt atattaaact gagagttttc ctctcaaact ttacctttte ttettcecgatce 180
ctagctctta agaaccctaa taattcattg atcaaaataa tggcgatttt gccggaaaac 240
tcttcaaact tggatcttac tatctcecgtt ccaggcttet cttcatccece tetcectecgat 300
gaaggaagtyg gcggaggaag agaccagcta aggctagaca tgaatcggtt accgtcegtet 360
gaagacggag acgatgaaga attcagtcac gatgatggct ctgctectec gegaaagaaa 420
ctecegtcetaa ccagagaaca gtcacgtett cttgaagata gtttcagaca gaatcatace 480
cttaatccca aacaaaagga agtacttgcec aagcatttga tgctacggec aagacaaatt 540
gaagtttggt ttcaaaaccg tagagcaagg agcaaattga agcaaaccga gatggaatgce 600
gagtatctca aaaggtggtt tggttcatta acggaagaaa accacaggct ccatagagaa 660
gtagaagagc ttagagccat aaaggttggce ccaacaacgg tgaactctgce ctcecgagectt 720

actatgtgte ctegetgega gegagttace cctgecgega geccttegag ggeggtggtyg 780
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-continued

ceggtteegyg ctaagaaaac gtttecgeeg caagagegtg atcgttga 828

<210> SEQ ID NO 136

<211> LENGTH: 275

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G1543 polypeptide

<400> SEQUENCE: 136

Met Ile Lys Leu Leu Phe Thr Tyr Ile Cys Thr Tyr Thr Tyr Lys Leu
1 5 10 15

Tyr Ala Leu Tyr His Met Asp Tyr Ala Cys Val Cys Met Tyr Lys Tyr
20 25 30

Lys Gly Ile Val Thr Leu Gln Val Cys Leu Phe Tyr Ile Lys Leu Arg
35 40 45

Val Phe Leu Ser Asn Phe Thr Phe Ser Ser Ser Ile Leu Ala Leu Lys
50 55 60

Asn Pro Asn Asn Ser Leu Ile Lys Ile Met Ala Ile Leu Pro Glu Asn
65 70 75 80

Ser Ser Asn Leu Asp Leu Thr Ile Ser Val Pro Gly Phe Ser Ser Ser
85 90 95

Pro Leu Ser Asp Glu Gly Ser Gly Gly Gly Arg Asp Gln Leu Arg Leu
100 105 110

Asp Met Asn Arg Leu Pro Ser Ser Glu Asp Gly Asp Asp Glu Glu Phe
115 120 125

Ser His Asp Asp Gly Ser Ala Pro Pro Arg Lys Lys Leu Arg Leu Thr
130 135 140

Arg Glu Gln Ser Arg Leu Leu Glu Asp Ser Phe Arg Gln Asn His Thr
145 150 155 160

Leu Asn Pro Lys Gln Lys Glu Val Leu Ala Lys His Leu Met Leu Arg
165 170 175

Pro Arg Gln Ile Glu Val Trp Phe Gln Asn Arg Arg Ala Arg Ser Lys
180 185 190

Leu Lys Gln Thr Glu Met Glu Cys Glu Tyr Leu Lys Arg Trp Phe Gly
195 200 205

Ser Leu Thr Glu Glu Asn His Arg Leu His Arg Glu Val Glu Glu Leu
210 215 220

Arg Ala Ile Lys Val Gly Pro Thr Thr Val Asn Ser Ala Ser Ser Leu
225 230 235 240

Thr Met Cys Pro Arg Cys Glu Arg Val Thr Pro Ala Ala Ser Pro Ser
245 250 255

Arg Ala Val Val Pro Val Pro Ala Lys Lys Thr Phe Pro Pro Gln Glu
260 265 270

Arg Asp Arg
275

<210> SEQ ID NO 137

<211> LENGTH: 983

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G280

<400> SEQUENCE: 137
aagttaatat gagaataatg agaaaaccac tttcccaaat tgctttttaa aatccctect 60

cacacagatt ccttecttea tcacctcaca cactctetac gettgacatg gecttegate 120
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338

-continued
tccaccatgg ctcagettca gatacgecatt catcagaact tcegtegttt tctcteccac 180
cttatcctca gatgataatg gaagcgattg agtccttgaa cgataagaac ggctgcaaca 240
aaacgacgat tgctaagcac atcgagtcga ctcaacaaac tctaccgcecyg tcacacatga 300
cgetgetcag ctaccatctce aaccagatga agaaaaccgg tcagctaatc atggtgaaga 360
acaattatat gaaaccagat ccagatgctc ctectaageg tggtegtgge cgtectecga 420
agcagaagac tcaggccgaa tctgacgecg ctgetgetge tgttgttget gccaccgteg 480
tctctacaga tccgectaga tctegtggece gtecaccgaa gecgaaagat ccatcggage 540
ctececagga gaaggtcatt accggatctg gaaggccacyg aggacgacca ccgaagagac 600
cgagaacaga ttcggagacg gttgctgege cggaaccgge agcetcaggeyg acaggtgage 660
gtaggggacyg tgggagacct ccgaaggtga agccgacggt ggttgcteeg gttgggtget 720
gaattaatcg gtacttatge aatttcggaa tctttagtta ctgaaaaatg gaatctctta 780
gagagtaaga gagtgcttta atttagctta attagattta tttggatttc tttcagtatt 840
tggattgtaa actttagaat ttgtgtgtgt gttgttgctt agtcctgaga taagatataa 900
cattagcgac tgtgtattat tattattact gcattgtgtt atgtgaaact ttgttctctt 960
gttgaaaaaa aaaaaaaaaa aaa 983

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 138
H: 204
PRT

RE:

<223> OTHER INFORMATION: G280 polypeptide

<400> SEQUENCE: 138

Met Ala Phe
1

Glu Leu Pro
Ala Ile Glu
35

Ala Lys His
50

Thr Leu Leu
65

Ile Met Val

Lys Arg Gly

Asp Ala Ala
115

Pro Pro Arg
130

Pro Pro Gln
145

Pro Pro Lys

Pro Ala Ala

Lys Val Lys
195

Asp Leu His His Gly

5

Ser Phe Ser Leu Pro

20

Ser Leu Asn Asp Lys

40

Ile Glu Ser Thr Gln

55

Ser Tyr His Leu Asn

70

Lys Asn Asn Tyr Met

85

Arg Gly Arg Pro Pro

100

Ala Ala Ala Val Val

120

Ser Arg Gly Arg Pro

135

Glu Lys Val Ile Thr
150

Arg Pro Arg Thr Asp

165

Gln Ala Thr Gly Glu

180

Pro Thr Val Val Ala

200

Ser

Pro

25

Asn

Gln

Gln

Lys

Lys

105

Ala

Pro

Gly

Ser

Arg
185

Pro

Ala

10

Tyr

Gly

Thr

Met

Pro

90

Gln

Ala

Lys

Ser

Glu
170

Arg

Val

Ser

Pro

Cys

Leu

Lys

75

Asp

Lys

Thr

Pro

Gly
155
Thr

Gly

Gly

Asp Thr His

Gln Met Ile
30

Asn Lys Thr
45

Pro Pro Ser
60

Lys Thr Gly

Pro Asp Ala

Thr Gln Ala
110

Val Val Ser
125

Lys Asp Pro
140

Arg Pro Arg

Val Ala Ala

Arg Gly Arg

190

Cys

Ser Ser
15

Met Glu

Thr Ile

His Met

Gln Leu
80

Pro Pro
95

Glu Ser

Thr Asp

Ser Glu
Gly Arg
160

Pro Glu
175

Pro Pro
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340

<210> SEQ ID NO 139

<211> LENGTH: 1065

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2131

<400> SEQUENCE: 139

gtctctcatt ttcataattc cattttcagg attgtctctce aatcttttat tettetcatt

caccggtaat ggcaaaagte tctgggagga gcaagaaaac aatcgttgac gatgaaatca

gecgataaaac agegtctgeg tcetgagtetg cgtccattge cttaacatcce aaacgcaaac

gtaagtcgee gectcegaaac getectette aacgcagete cecttacaga ggegtcacaa

ggcatagatg gactgggaga tacgaagcgce atttgtggga taagaacagce tggaacgata

cacagaccaa gaaaggacgt caagtttatc taggggetta cgacgaagaa gaagcagcag

cacgtgecta cgacttagca gcattgaagt actggggacg agacacactce ttgaacttcece

ctttgccgag ttatgacgaa gacgtcaaag aaatggaagg ccaatccaag gaagagtata

ttggatcatt gagaagaaaa agtagtggat tttctegegg tgtatcaaaa tacagaggceg

ttgcaaggca tcaccataat gggagatggg aagctagaat tggaagggtg tttggtaata

aatatctata tcttggaaca tacgccacge aagaagaagce agcaatcgece tacgacatcg

cggcaataga gtaccgtgga cttaacgecg ttaccaattt cgacgtcage cgttatctaa

accctaacge cgccgeggat aaagecgatt ccgattctaa geccattega agecctagte

gecgageccega atcgtceggat gataacaaat ctccgaaatce agaggaagta atcgaaccat

ctacatcgee ggaagtgatt ccaactegece ggagettcece cgacgatate cagacgtatt

ttgggtgtca agattccgge aagttagega ctgaggaaga cgtaatatte gattgtttca

attcttatat aaatcctgge ttctataacg agtttgatta tggaccttaa tcegtatttte

tacaagtttt gttttgatta tctacacaat acatcaatat attct

<210> SEQ ID NO 140

<211> LENGTH: 313

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G2131 polypeptide

<400> SEQUENCE: 140

Met

1

Ile

Thr

Arg

Tyr

65

Lys

Ala

Thr

Ala Lys Val Ser Gly Arg Ser Lys Lys Thr Ile Val Asp Asp Glu
5 10 15

Ser Asp Lys Thr Ala Ser Ala Ser Glu Ser Ala Ser Ile Ala Leu
20 25 30

Ser Lys Arg Lys Arg Lys Ser Pro Pro Arg Asn Ala Pro Leu Gln
35 40 45

Ser Ser Pro Tyr Arg Gly Val Thr Arg His Arg Trp Thr Gly Arg
50 55 60

Glu Ala His Leu Trp Asp Lys Asn Ser Trp Asn Asp Thr Gln Thr
70 75 80

Lys Gly Arg Gln Val Tyr Leu Gly Ala Tyr Asp Glu Glu Glu Ala
85 90 95

Ala Arg Ala Tyr Asp Leu Ala Ala Leu Lys Tyr Trp Gly Arg Asp
100 105 110

Leu Leu Asn Phe Pro Leu Pro Ser Tyr Asp Glu Asp Val Lys Glu

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1065
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115 120 125

Met Glu Gly Gln Ser Lys Glu Glu Tyr Ile Gly Ser Leu Arg Arg Lys
130 135 140

Ser Ser Gly Phe Ser Arg Gly Val Ser Lys Tyr Arg Gly Val Ala Arg
145 150 155 160

His His His Asn Gly Arg Trp Glu Ala Arg Ile Gly Arg Val Phe Gly
165 170 175

Asn Lys Tyr Leu Tyr Leu Gly Thr Tyr Ala Thr Gln Glu Glu Ala Ala
180 185 190

Ile Ala Tyr Asp Ile Ala Ala Ile Glu Tyr Arg Gly Leu Asn Ala Val
195 200 205

Thr Asn Phe Asp Val Ser Arg Tyr Leu Asn Pro Asn Ala Ala Ala Asp
210 215 220

Lys Ala Asp Ser Asp Ser Lys Pro Ile Arg Ser Pro Ser Arg Glu Pro
225 230 235 240

Glu Ser Ser Asp Asp Asn Lys Ser Pro Lys Ser Glu Glu Val Ile Glu
245 250 255

Pro Ser Thr Ser Pro Glu Val Ile Pro Thr Arg Arg Ser Phe Pro Asp
260 265 270

Asp Ile Gln Thr Tyr Phe Gly Cys Gln Asp Ser Gly Lys Leu Ala Thr
275 280 285

Glu Glu Asp Val Ile Phe Asp Cys Phe Asn Ser Tyr Ile Asn Pro Gly
290 295 300

Phe Tyr Asn Glu Phe Asp Tyr Gly Pro
305 310

<210> SEQ ID NO 141

<211> LENGTH: 999

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2424

<400> SEQUENCE: 141

atgaggatgg agatggtgca tgctgacgtg gegtetetet ccataacace ttgcetteceg 60
tcttetttgt cttegtecte acatcatcac tataaccaac aacaacattg tatcatgteg 120
gaagatcaac accattcgat ggatcagacc acttcatcgg actacttcte tttaaatatc 180
gacaatgctce aacatctceg tagctactac acaagtcata gagaagaaga catgaaccct 240
aatctaagtyg attacagtaa ttgcaacaag aaagacacaa cagtctatag aagctgtgga 300
cactcgtcaa aagctteggt gtctagagga cattggagac cagetgaaga tactaagcete 360
aaagaactag tcgcegtcta cggtccacaa aactggaacce tcatagetga gaagcetccaa 420
ggaagatccg ggaaaagctg taggcttcga tggtttaacce aactagaccce aaggataaat 480
agaagagcct tcactgagga agaagaagag aggctaatge aagctcatag getttatggt 540
aacaaatggg cgatgatage gaggctttte cctggtagga ctgataatte tgtgaagaac 600
cattggcatyg ttataatgge tcgcaagttt agggaacaat cttettcetta ccgtaggagg 660
aagacgatgg tttctecttaa gecactcatt aaccctaatce ctcacatttt caatgatttt 720
gaccctacce ggttagettt gacccacctt gctagtagtg accataagca gettatgtta 780
ccagttectt getteccagg ttatgatcat gaaaatgaga gtccattaat ggtggatatg 840
ttcgaaacce aaatgatggt tggcgattac attgecatgga cacaagaggce aactacatte 900

gatttcttaa accaaaccgg gaagagtgag atatttgaaa gaatcaatga ggagaagaaa 960
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ccaccatttt tcgattttet tgggttgggg acggtgtga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Pro

Gln

Gln

His

65

Asn

Arg

Arg

Pro

Lys

145

Arg

Arg

Arg

Lys

Ser

225

Asp

Gln

Glu

Asp

Gln

305

Pro

Arg

Cys

Gln

Thr

50

Leu

Leu

Ser

Pro

Gln

130

Ser

Arg

Leu

Thr

Phe

210

Leu

Pro

Leu

Ser

Tyr

290

Thr

Pro

Met

Phe

Gln

35

Thr

Arg

Ser

Cys

Ala

115

Asn

Cys

Ala

Tyr

Asp

195

Arg

Lys

Thr

Met

Pro
275
Ile

Gly

Phe

Glu

Pro

20

His

Ser

Ser

Asp

Gly

100

Glu

Trp

Arg

Phe

Gly

180

Asn

Glu

Pro

Arg

Leu

260

Leu

Ala

Lys

Phe

SEQ ID NO 142
LENGTH:
TYPE :
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G2424 polypeptide

332

142

Met

5

Ser

Cys

Ser

Tyr

Tyr

85

His

Asp

Asn

Leu

Thr

165

Asn

Ser

Gln

Leu

Leu

245

Pro

Met

Trp

Ser

Asp
325

<210> SEQ ID NO 143

<211> LENGTH:

653

Val

Ser

Ile

Asp

Tyr

70

Ser

Ser

Thr

Leu

Arg

150

Glu

Lys

Val

Ser

Ile

230

Ala

Val

Val

Thr

Glu
310

Phe

His

Leu

Met

Tyr

55

Thr

Asn

Ser

Lys

Ile

135

Trp

Glu

Trp

Lys

Ser

215

Asn

Leu

Pro

Asp

Gln
295

Ile

Leu

Ala

Ser

Ser

40

Phe

Ser

Cys

Lys

Leu

120

Ala

Phe

Glu

Ala

Asn

200

Ser

Pro

Thr

Cys

Met
280
Glu

Phe

Gly

Asp

Ser

25

Glu

Ser

His

Asn

Ala

105

Lys

Glu

Asn

Glu

Met

185

His

Tyr

Asn

His

Phe

265

Phe

Ala

Glu

Leu

Val

Ser

Asp

Leu

Arg

Lys

90

Ser

Glu

Lys

Gln

Glu

170

Ile

Trp

Arg

Pro

Leu

250

Pro

Glu

Thr

Arg

Gly
330

Ala

Ser

Gln

Asn

Glu

75

Lys

Val

Leu

Leu

Leu

155

Arg

Ala

His

Arg

His

235

Ala

Gly

Thr

Thr

Ile
315

Thr

Ser

His

His

Ile

60

Glu

Asp

Ser

Val

Gln

140

Asp

Leu

Arg

Val

Arg

220

Ile

Ser

Tyr

Gln

Phe
300

Asn

Val

Leu

His

His

45

Asp

Asp

Thr

Arg

Ala

125

Gly

Pro

Met

Leu

Ile

205

Lys

Phe

Ser

Asp

Met
285

Asp

Glu

Ser

His

30

Ser

Asn

Met

Thr

Gly

110

Val

Arg

Arg

Gln

Phe

190

Met

Thr

Asn

Asp

His

270

Met

Phe

Glu

Ile

Tyr

Met

Ala

Asn

Val

95

His

Tyr

Ser

Ile

Ala

175

Pro

Ala

Met

Asp

His

255

Glu

Val

Leu

Lys

Thr

Asn

Asp

Gln

Pro

80

Tyr

Trp

Gly

Gly

Asn

160

His

Gly

Arg

Val

Phe

240

Lys

Asn

Gly

Asn

Lys
320

999



US 9,447,425 B2
345

-continued

346

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G2583

<400> SEQUENCE: 143

caaatcagaa aatatagagt ttgaaggaaa ctaaaagatg gtacattcga ggaagttccg
aggtgtcege cagcgacaat ggggttettg ggtctectgag attegecate ctctattgaa
gagaagagtg tggcttggaa ctttcgaaac ggcagaagceg gctgcaagag catacgacca
agcggetett ctaatgaacg gecaaaacge taagaccaat ttcectgteg taaaatcaga
ggaaggctce gatcacgtta aagatgttaa ctctcegttg atgtcaccaa agtcattatc
tgagcttttyg aacgctaage taaggaagag ctgcaaagac ctaacgcctt ctttgacgtg
tcteegtett gatactgaca gtteccacat tggagtttgg cagaaacggg ccgggtcgaa
aacaagtccg acttgggtca tgcgectega acttgggaac gtagtcaacg aaagtgeggt
tgacttaggg ttgactacga tgaacaaaca aaacgttgag aaagaagaag aagaagaaga
agctattatt agtgatgagg atcagttage tatggagatg atcgaggagt tgctgaattg
gagttgactt ttgactttaa cttgttgcaa gtccacaagg ggtaagggtt tte

<210> SEQ ID NO 144

<211> LENGTH: 189

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G2583 polypeptide

<400> SEQUENCE: 144

Met Val His Ser Arg Lys Phe Arg Gly Val Arg Gln Arg Gln Trp Gly
1 5 10 15

Ser Trp Val Ser Glu Ile Arg His Pro Leu Leu Lys Arg Arg Val Trp
20 25 30

Leu Gly Thr Phe Glu Thr Ala Glu Ala Ala Ala Arg Ala Tyr Asp Gln
35 40 45

Ala Ala Leu Leu Met Asn Gly Gln Asn Ala Lys Thr Asn Phe Pro Val
Val Lys Ser Glu Glu Gly Ser Asp His Val Lys Asp Val Asn Ser Pro
65 70 75 80

Leu Met Ser Pro Lys Ser Leu Ser Glu Leu Leu Asn Ala Lys Leu Arg
85 90 95

Lys Ser Cys Lys Asp Leu Thr Pro Ser Leu Thr Cys Leu Arg Leu Asp
100 105 110

Thr Asp Ser Ser His Ile Gly Val Trp Gln Lys Arg Ala Gly Ser Lys
115 120 125

Thr Ser Pro Thr Trp Val Met Arg Leu Glu Leu Gly Asn Val Val Asn
130 135 140

Glu Ser Ala Val Asp Leu Gly Leu Thr Thr Met Asn Lys Gln Asn Val
145 150 155 160

Glu Lys Glu Glu Glu Glu Glu Glu Ala Ile Ile Ser Asp Glu Asp Gln
165 170 175

Leu Ala Met Glu Met Ile Glu Glu Leu Leu Asn Trp Ser
180 185

<210> SEQ ID NO 145
<211> LENGTH: 844
<212> TYPE: DNA

60

120

180

240

300

360

420

480

540

600

653



US 9,447,425 B2
347 348

-continued
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1387
<400> SEQUENCE: 145
tctetetece actctcactt tcetctectat tettagtteg tgtcagaaac acacagagaa 60
attaagaacc ctaatttaaa acagaagaat ggtacattcg aagaagttcc gaggtgtccg 120
ccagegtcag tggggttett gggtttectga gattcegtecat ccetetettga agagaagagt 180
gtggctagga acattcgaca cggcggaaac agcggctaga gectacgacc aagccgceggt 240
tctaatgaac ggccagagcg cgaagactaa cttcccegte atcaaatcga acggttcaaa 300
ttecttggag attaactcectg cgttaaggte tceccaaatca ttatcggaac tattgaacge 360
taagctaagg aagaactgta aagaccagac accgtatctyg acgtgtctece gcctcecgacaa 420
cgacagctca cacatcggceg tctggcagaa acgcegcecggyg tcaaaaacga gtccaaactg 480
ggtcaagcett gttgaactag gtgacaaagt taacgcacgt ccecggtggtg atattgagac 540
taataagatg aaggtacgaa acgaagacgt tcaggaagat gatcaaatgg cgatgcagat 600
gatcgaggag ttgcttaact ggacctgtcce tggatctgga tccattgcac aggtctaaag 660
gagaatcatt gaattatatg atcaagataa taatatagtt gagggttaat aataatcgag 720
ggtaagtaat ttacgtgtag ctaataatta atataatttt cgaacatata tatgaatata 780
tgatagctcet agaaatgagt acgtatatat acgtaaacat ttttcctcaa atatagtata 840
tgtg 844

<210> SEQ ID NO 146

<211> LENGTH: 189

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1387 polypeptide

<400> SEQUENCE: 146

Met Val His Ser Lys Lys Phe Arg Gly Val Arg Gln Arg Gln Trp Gly
1 5 10 15

Ser Trp Val Ser Glu Ile Arg His Pro Leu Leu Lys Arg Arg Val Trp
20 25 30

Leu Gly Thr Phe Asp Thr Ala Glu Thr Ala Ala Arg Ala Tyr Asp Gln
35 40 45

Ala Ala Val Leu Met Asn Gly Gln Ser Ala Lys Thr Asn Phe Pro Val
50 55 60

Ile Lys Ser Asn Gly Ser Asn Ser Leu Glu Ile Asn Ser Ala Leu Arg

Ser Pro Lys Ser Leu Ser Glu Leu Leu Asn Ala Lys Leu Arg Lys Asn
85 90 95

Cys Lys Asp Gln Thr Pro Tyr Leu Thr Cys Leu Arg Leu Asp Asn Asp
100 105 110

Ser Ser His Ile Gly Val Trp Gln Lys Arg Ala Gly Ser Lys Thr Ser
115 120 125

Pro Asn Trp Val Lys Leu Val Glu Leu Gly Asp Lys Val Asn Ala Arg
130 135 140

Pro Gly Gly Asp Ile Glu Thr Asn Lys Met Lys Val Arg Asn Glu Asp
145 150 155 160

Val Gln Glu Asp Asp Gln Met Ala Met Gln Met Ile Glu Glu Leu Leu
165 170 175
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-continued

350

Asn Trp Thr Cys Pro Gly Ser Gly Ser Ile Ala Gln Val

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

180

LOCATION:
OTHER INFORMATION:

<400> SEQUENCE:

caccaaactc acctgaaacc

caacgettte

cctetettga

gectacgacy

aaccctaatg

ctccacaaat

acgcagaccg

ttgaacagag

caacagaatt

cactacggtt

ttgtegtttt

gtgatgagag

ttttgaaaca

gtattataaa

<210>
<211>
<212>
<213>
<220>
<223>

gaggcgttag
aaacaagaat
aggcggcetag
ccattectac
gctacatgge
caagatcaca
gagtaacgga
ttaggccatt
ccattgaget
agcgtattct
tagtagtgag
ctgattctag

aaaatgttat

PRT

<400> SEQUENCE:

Met

1

Gly

Trp

Glu

Tyr
65
Thr

Thr

Ser

Ala

Ser

Leu

Ala

50

Asn

Leu

Lys

Ala

Arg

Trp

Gly

35

Ala

Pro

Thr

Gln

Asp
115

Pro

Val

Thr

Arg

Asn

Ala

Thr

100

Ser

SEQ ID NO 147
LENGTH:
TYPE: DNA

ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G977
FEATURE:
NAME/KEY: misc_feature
(810) .. (810)

833

147

SEQ ID NO 148
LENGTH:
TYPE :
ORGANISM: Arabidopsis thaliana
FEATURE:
OTHER INFORMATION: G977 polypeptide

181

148

Gln

5

Ser

Phe

Leu

Ala

Lys

Gln

Asp

Gln

Glu

Glu

Met

Ile

70

Leu

Thr

Gly

n is a,

Arg

Ile

Thr

Cys

55

Pro

His

Gln

Val

ctatttccat

acagaggcat

ctggctaggg

gctaatgtgt

ttcctettec

ttctcttcaa

atccgeggac

gacgacagag

ggaggaagat

ttgctetgtt

tttcattttt

agaaggctaa

tttctataag

tttctgattn

Phe

Arg

Ala

40

Gly

Thr

Lys

Thr

Thr
120

185

ttaccattca

tggggcetett

acgtttgaga

ggcccgagag

aagcttctat

atgaccaagc

agtgacggtg

atcaagtggyg

catatcgage

ttaccaactc

atttttgttet

tttcaagaca

agcaatcgat

aaaaaaaaaa

Arg

His

Glu

Pro

Ser

Cys

Gln

105

Ala

Gly

10

Pro

Asp

Arg

Ser

Tyr

Thr

Asn

Val

Leu

Ala

Ala

Ser

75

Met

Gln

Glu

cactaatgge

gggtctceega

cagcggagga

ctcgtactaa

cagcaactct

aaacgcaaac

tgacggctaa

aagatggaaa

aaatgattga

agacgctgtyg

ccacaaaaac

ttttgatctg

catatgctat

aaaaaaaaaa

Arg

Leu

Ala

Arg

60

Lys

Ala

Thr

Ser

Gln

Lys

Arg

45

Thr

Leu

Ser

Ala

His
125

Arg
Thr
30

Ala

Asn

Leu

Leu

Arg

110

Leu

acgaccacaa

aattcgtcac

tgcagcaagyg

tttcccatac

taccgctaaa

acaaacgcaa

cgaaagtcat

tgcgaatatg

ggagctgett

agaaatggcc

ggcgtegtaa

aattggectce

gttatgtata

aaa

His

15

Arg

Tyr

Phe

Ser

Gln
95

Ser

Asn

Trp

Ile

Asp

Pro

Ala

80

Met

Gln

Arg

60

120

180

240

300

360

420

480

540

600

660

720

780

833
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-continued

352

Gly Val Thr
130

Met Gln Gln
145

Ile Glu Glu

Pro Thr Gln

<210> SEQ I
<211> LENGT.
<212> TYPE:

Glu Thr Thr Glu Ile

135

Asn Phe Arg Pro Leu
150

Leu Leu His Tyr Gly

165

Thr Leu
180

D NO 149
H: 732
DNA

Lys Trp Glu
Glu Glu Asp
155

Ser Ile Glu
170

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G4294

<400> SEQUENCE: 149

atgggacagt
tcegagatca
gaggaggcgg
accaacttce
gggcgggatg
ggcgggaaca
tegeegtege
aagcgegecg
acggcegtgt
ccgacteega
ccaccaccte
ctgggcagga
ctegteatcet
<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGAN
<220> FEATU

cgaagaagaa
ggcaccctet
cgegggegta
cagtcgegag
geegtgtegg
gectgtetea
tcacctgect
gegecacgege
cgteggetge
gtgacagcac
cggcaatgga
geggeceggg
ga
D NO 150
H: 243

PRT

ISM: Oryza
RE:

gtteegegga

ccttaagagyg

cgacgaggec

gaacgccacyg

cggcggcagce

gatcctcage

cecgecttgac

tgactccage

gacggtggca

agtcacaacg

c¢gacgaggag

ctcgeegtea

sativa

gtcaggcage

agggtgtgge

gccatcectga

ggggagctca

ggcagetegt

gccaagetee

ccggagaagt

tgggtcatga

gcagcaacag

acgtccacgt

aggatcgege

catgggctge

<223> OTHER INFORMATION: G4294 polypeptide

<400> SEQUENCE: 150

Met Gly Gln
1

Gly Ser Trp

Trp Leu Gly
35

Glu Ala Ala
50

Val Ala Arg
65

Gly Arg Asp

Thr Ala Asn

Ser Lys Lys Lys Phe

5

Val Ser Glu Ile Arg

20

Thr Phe Glu Thr Ala

40

Ile Leu Met Ser Gly

55

Asn Ala Thr Gly Glu

70

Gly Arg Val Gly Gly

85

Gly Gly Gly Asn Ser

100

Arg Gly Val

His Pro Leu
25

Glu Glu Ala

Arg Asn Ala

Leu Thr Pro

75

Gly Ser Gly
90

Leu Ser Gln
105

Asp Gly Asn
140

His Ile Glu

Leu Cys Ser

geccactgggyg
tgggtacctt
tgagcggecyg
caccggegge
cctcaatgac
gcaagtgetg
cccacattgyg
cegtegaget
cagtgtegte
ccaccacggyg
tgcagatgat

thangtgg

Arg Gln Arg

Leu Lys Arg
30

Ala Arg Ala
45

Lys Thr Asn
60

Ala Ala Ala

Ser Ser Ser

Ile Leu Ser
110

Ala Asn
Gln Met
160

Val Leu
175

ctcetgggte
tgagacggceyg
caacgccaag
tgcggtggea
ggccaacgge
caagacgccg
cgtetggeag
caacaaggac
cagcgaccag
ctegeegteg
cgaggagcetyg

tgaaggtagce

His Trp

Arg Val

Tyr Asp

Phe Pro

Val Ala
80

Ser Met
95

Ala Lys

60

120

180

240

300

360

420

480

540

600

660

720

732
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354

Leu Arg Lys
115

Leu Asp Pro
130

Ala Arg Ala
145

Thr Ala Val

Ser Ser Asp

Thr Ser Thr

195

Glu Glu Arg
210

Gly Pro Gly
225

Leu Val Ile
<210> SEQ I

<211> LENGT.
<212> TYPE:

Cys Cys Lys Thr Pro

120

Glu Lys Ser His Ile

135

Asp Ser Ser Trp Val
150

Ser Ser Ala Ala Thr

165

Gln Pro Thr Pro Ser

180

Thr Gly Ser Pro Ser

200

Ile Ala Leu Gln Met

215

Ser Pro Ser His Gly
230

D NO 151
H: 485
DNA

Ser Pro Ser

Gly Val Trp

Met Thr Val
155

Val Ala Ala
170

Asp Ser Thr
185

Pro Pro Pro

Ile Glu Glu

Leu Leu His
235

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G2133

<400> SEQUENCE: 151

atctcatctt

caagtacaaa

gggaactcgt

ccacgacgte

cttcecteac

agctgettee

tggtggttgt

ctcegtgtat

gttaa

<210> SEQ I

<211> LENGT.
<212> TYPE:

catccaccca

ggtatccgte

caacgtctet

getttttact

ttacttacaa

gacgccggcea

gaagagagat

gattatcttg

D NO 152
H: 143
PRT

aaaacatgga

gtcggaaatyg

ggttaggete

gettgecaccy

cctecctege

tggccgtgga

cttecatgge

aagacgatct

ttcaagagac

gggaaaatgg

tttctecace

accatcttcce

ctccaatata

cgceggatte

gaatatggag

cgtttgatct

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G2133 polypeptide

<400> SEQUENCE: 152

Met Asp Ser
1

Ile Arg Arg
Gly Thr Arg
35

Ala Ala Val
50

Ser Leu Asp
65

Arg Asp Thr Gly Glu

5

Arg Lys Trp Gly Lys

20

Gln Arg Leu Trp Leu

40

Ala His Asp Val Ala

55

Asp Glu Ser Phe Asn

70

Thr Asp Gln
10

Trp Val Ser
25

Gly Ser Phe

Phe Tyr Cys

Phe Pro His
75

Leu Thr Cys
125

Gln Lys Arg
140

Glu Leu Asn

Ala Thr Ala

Val Thr Thr

190

Pro Ala Met
205

Leu Leu Gly
220

Gly Gly Glu

accggagaaa
gtatcagaga
gcagaaggcg
ctcgacgacyg
tctectaagt
catggtgetyg
gaggaggaca

atacgagtac

Ser Lys Tyr
Glu Ile Arg
30

Ser Thr Ala
45

Leu His Arg
60

Leu Leu Thr

Leu Arg

Ala Gly

Lys Asp

160

Val Ser
175

Thr Ser

Asp Asp

Arg Ser

Gly Ser
240

ctgaccagag
ttcegtgtece
ctgcegtage
aatcttttaa
ccatccaaaa
tgtctgggag
aacttagtat

gtttttagea

Lys Gly

15

Val Pro

Glu Gly

Pro Ser

Thr Ser
80

60

120

180

240

300

360

420

480

485
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356

Leu

Ala

Gly

Lys

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Gly

Gly

Leu
130

Ser

Met

Cys

115

Ser

Asn

Ala

100

Glu

Ile

<400> SEQUENCE:

atgggccggg

ggegtgcgge

gagcgectgt

geegtetgee

ctcaacttce

ggcggtetee

gacgcgcage

tceggeageyg

gacacgtatt

gagctcattyg

<210>
<211>
<212>
<213>
<220>
<223>

tggcggcgag

ggcggeggtyg

ggcteggete

tccteegget

cegecagage

tgtccecegeyg

tegtggacct

gegtggceggy

ggtgtaggaa

tttacgaggyg

PRT

<400> SEQUENCE:

Met Gly Arg

1

Met

Glu

Ala

Leu

65

Leu

Tyr

Ala

Arg

Arg

Ile

Thr

50

Arg

Asn

Gly

Ser

Asp
130

Tyr
Arg
35

Ala

Leu

Phe

Gly

Asp

115

His

Val

Arg

20

Val

Glu

Gly

Pro

Ala

100

Ala

Pro

Ile

Val

Glu

Ser

SEQ ID NO 153
LENGTH:
TYPE: DNA
ORGANISM: Oryza sativa
FEATURE:
OTHER INFORMATION: G3649

594

153

SEQ ID NO 154
LENGTH:
TYPE :
ORGANISM: Oryza
FEATURE:
OTHER INFORMATION: G3649 polypeptide

197

154

Ala

5

Gly

Pro

Ala

Gly

Ala
85
Gly

Gly

Pro

Ser

Asp

Arg

Val

Ala

Val

Gly

Ala

Gly

70

Arg

Gly

Met

Ala

Pro

Ala

Ser

Tyr
135

Ser

Arg

Thr

Ala

55

Arg

Ala

Leu

Ala

Ala
135

Lys

Gly

Ser

120

Asp

¢ggeggegge

ggggaagtgg

ctacgecace

¢ggeggegge

getegecgeyg

ctcegtgeag

gegecgegac

agacggtgca

tggagaggat

cttaagtgta

sativa

Gly

Arg

Arg

Val

Arg

Leu

Leu

Ala

120

Ala

Ser Ile Gln
Phe His Gly
105

Met Ala Asn

Tyr Leu Glu

ggeggeggag
gtgtcggaga
gecgaggecg
cgeegegeayg
geggeggecyg
cgegtggegt
cacccgeceyg
agaaagcaag
gggagcagaa

gatgacatgg

Gly Gly Gly
10

Arg Arg Trp
25

Glu Arg Leu

Ala His Asp

Ala Ala Ala
75

Ala Ala Ala
90

Ser Pro Arg
105

Asp Ala Gln

Ala Ala Ser

Lys Ala Ala Ser Asp
95

Ala Val Ser Gly Ser
110

Met Glu Glu Glu Asp
125

Asp Asp Leu Val
140

gggagatgat gaggtacagg
tecgggtgee cgggacgegg
cegecgtege gcacgacgec
ccgcaggegyg aggeggcegygy
cctectecta cggeggegec
ccgacgeegg catggecgec
cegecgeege cgectceatee
ggacacgtgg cgaggttage
geeggagete cgggagtgag

aaattttgat gtaa

Gly Gly Gly Glu Met
15

Gly Lys Trp Val Ser
30

Trp Leu Gly Ser Tyr
45

Ala Ala Val Cys Leu
60

Gly Gly Gly Gly Gly
80

Ala Ala Ala Ser Ser
95

Ser Val Gln Arg Val
110

Leu Val Asp Leu Arg
125

Ser Ser Gly Ser Gly
140

60

120

180

240

300

360

420

480

540

594
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ued

358

Val Ala Gly
145

Asp Thr Tyr

Ser Gly Ser

Met Glu Ile
195

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN
<220> FEATU
<223> OTHER

Asp Gly Ala Arg Lys Gln Gly Thr Arg Gly Glu Val Ser

150

Trp Cys Arg Asn Gly
165

Glu Glu Leu Ile Val
180

Leu Met

D NO 155
H: 687
DNA
ISM: Oryza sativa
RE:
INFORMATION: G3644

<400> SEQUENCE: 155

atgccettttg
aagtcaagaa
agccgggegy
cggeggegge
tggetggggt
ttecctecgeyg
cgegeggegy
cagegegtgg
geegegeccyg
acgacggege
gecggegega
gtggatgaca
<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGAN
<220> FEATU

tacgtacact tgctttecca
cggagagaga tcacggtgag
agtgeggegg cggcgaggag
gggggaagtg ggtgtcggag
cctacgecac geceggagged
gaggcgceggg cgacggeggt
ccacgtacgyg cggeggegec
cgtecgacge cggcatggec
cgeceegegee ggcgacggeg
ggcacgacga gctggegege
acgccaggac gagcggcegag
tggagatcct gatgtaa
D NO 156
H: 228

PRT

ISM: Oryza sativa
RE:

155

Glu Asp Gly
170

Tyr Glu Gly
185

acgctegega
gttgatctca
gaggagcggt
atcecgggtge
geegeegteg
ggeggeggeg
geegtggege
gecgacgege
tacgcgegec
cgcegggatgt

cggcageteg

<223> OTHER INFORMATION: G3644 polypeptide

<400> SEQUENCE: 156

Met Pro Phe
1

Val Arg Thr Leu Ala
5

Glu Gly Glu Ile Lys Ser Arg Thr

Leu Ser Ser
35

Pro Glu Glu Ala Met
40

Glu Glu Glu Glu Arg Cys Arg Tyr

50

Gly Lys Trp
65

55

Val Ser Glu Ile Arg
70

Trp Leu Gly Ser Tyr Ala Thr Pro

Thr Ala Val

Gly Ala Thr
115

85

Tyr Phe Leu Arg Gly
100

Leu Asn Phe Pro Glu
120

Phe Pro Thr
10

Glu Arg Asp
25

Ser Arg Ala

Arg Gly Val

Val Pro Gly

75

Glu Ala Ala
90

Gly Ala Gly
105

Arg Ala Ala

Ser Arg Ser

Leu Ser Val
190

atcaaatcga
getegecgga
gcaggtacag
ceggcacgeg
cgcacgacac
cgacgctcaa
gectgtegece
agctegtgge
cggatcactyg
acggcgcetca

tctgtgecga

Leu Ala Asn

160

Arg Ser
175

Asp Asp

gggtgaaatt
ggaggcaatg
gggcgtgegyg
ggagcggetg
ggcegtctac
ctteceggag
geggtecgtg
ggegegggac
cgeceggegeg
cgcgecatgee

ggagattage

Gln Ile
15

His Gly Glu Val Asp

30

Glu Cys Gly Gly Gly

45

Arg Arg Arg
60

Arg Trp

Thr Arg Glu Arg Leu

Ala Val Ala

80

His Asp
95

Asp Gly Gly Gly Gly

110

Ala Thr Tyr
125

Gly Gly

60

120

180

240

300

360

420

480

540

600

660

687
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-continued

360

Gly Ala Ala
130

Ser Asp Ala
145

Ala Ala Pro

Cys Ala Gly

Met Tyr Gly

195

Gly Glu Arg
210

Glu Ile Leu
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Ala Arg Leu Ser

135

Gly Met Ala Ala Asp
150

Ala Pro Ala Pro Ala

165

Ala Thr Thr Ala Arg

180

Ala His Ala His Ala

200

Gln Leu Val Cys Ala

Met

D NO 157
H: 1082
DNA

215

<213> ORGANISM: Glycine max

<220> FEATU

RE:

<223> OTHER INFORMATION: G3643

<400> SEQUENCE: 157

ccacgegtec

ccctatgagt

agttcggegt

gegtttgtgg

cgtctactgt

ttcgtacagt

tgttggcatg

agaaactaat

agaaggtggt

tggaagtggt

ttagctgtte

atgcgcatag

gatgatgata

aaaacaagaa

tgcattttgt

cttgagtgeg

tataaaaatt

aagatgaaag

tt

<210> SEQ I

<211> LENGT.
<212> TYPE:

gettettete
aggagttcgg
cgaaaatggg
ttgggaacct
ctaagtaggce
gttcagctca
gatgttgatg
tgcgagagtg
getgatcatt
ggagattcta
taggtttcaa
ttagtagtta
tataaatttg
agattgtacc
gcacgttgtt
ttcacctttt
atttaccatt

ttctaatttt

D NO 158
H: 179
PRT

tcagaataca

cgatgcatgg

gcaaatgggt

acgccacgec

cttettegtt

gggacatgte

caagaaacat

atgagaggac

cggatgtgtt

cggaaaggga

ctttagttat

cagataatta

atgtgcgeta

cccaaaatga

agttttcaaa

attaccacgt

tagtgtettt

agatataata

<213> ORGANISM: Glycine max

<220> FEATU

RE:

Pro Arg Ser
Ala Gln Leu
155

Thr Ala Tyr
170

His Asp Glu
185

Ala Gly Ala

Glu Glu Ile

caacacaaag
aattacaagc
gtcggagatt
ggaggetgee
ggacaaactt
tccgaggtet
tgttgeggge
tagtactgeg
ttggtgggat
tgccttgage
ctttteteetet
ctgctagtgt
getgecetttt
acttggtcaa
ttgttaatte
agtaactgag
cgtttacttg

aaattcagcet

<223> OTHER INFORMATION: G3643 polypeptide

<400> SEQUENCE: 158

Val Gln Arg
140

Val Ala Ala

Ala Arg Pro

Leu Ala Arg

190

Asn Ala Arg
205

Ser Val Asp
220

tcaatataat
acaaacaaca
cgtgtteegy
geggtggete
aacttcceeg
gtgcagaagg
aaaacttcaa
tetgtgtgta
gatgatggtg
atttccattyg
ttttttttga
tgggtgttta
tgaagaaact
tttcacactt
ccttgctaaa
agttaacgaa
taattattca

agtatttgtg

Val Ala
Arg Asp
160

Asp His
175

Arg Gly

Thr Ser

Asp Met

tatagtatat
agttgaaggg
gcacgcaaga
acgacgttge
aaaccttgte
tggcttecga
cggtggggge
atgttgttgg
ggtettggca
aagattatct
gttatgatcg
aacggtcaga
aaaaaaaggt
tcacgccatt
cccactcaaa
aatatttctt
acttgtcaat

aattactcac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1082
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Met Ser Arg Ser Ser Ala Met His Gly Ile Thr Ser Thr Asn Asn Lys

Leu Lys Gly Val Arg Arg Arg Lys Trp Gly Lys Trp Val Ser Glu Ile
20 25 30

Arg Val Pro Gly Thr Gln Glu Arg Leu Trp Leu Gly Thr Tyr Ala Thr
35 40 45

Pro Glu Ala Ala Ala Val Ala His Asp Val Ala Val Tyr Cys Leu Ser
50 55 60

Arg Pro Ser Ser Leu Asp Lys Leu Asn Phe Pro Glu Thr Leu Ser Ser

Tyr Ser Val Gln Leu Arg Asp Met Ser Pro Arg Ser Val Gln Lys Val
85 90 95

Ala Ser Asp Val Gly Met Asp Val Asp Ala Arg Asn Ile Val Ala Gly
100 105 110

Lys Thr Ser Thr Val Gly Ala Glu Thr Asn Cys Glu Ser Asp Glu Arg
115 120 125

Thr Ser Thr Ala Ser Val Cys Asn Val Val Gly Glu Gly Gly Ala Asp
130 135 140

His Ser Asp Val Phe Trp Trp Asp Asp Asp Gly Gly Ser Trp His Gly
145 150 155 160

Ser Gly Gly Asp Ser Thr Glu Arg Asp Ala Leu Ser Ile Ser Ile Glu
165 170 175

Asp Tyr Leu

<210> SEQ ID NO 159

<211> LENGTH: 813

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<220> FEATURE:

<223> OTHER INFORMATION: G3650

<400> SEQUENCE: 159

ccaccegtge tcgategate atgecatgte aacgeccceg gecgegetga ccttgatcect 60
tctegtetca ccgcacctta taaatacgece cacgtegete gtgtegtegt gtgcetccate 120
gcaaacggce aaaaaccacc agcacaagtyg cacaagccat tgcccategg acgcccagec 180
ggccageccee tgtcccgacg gteggecgac gacgatgage cgcgcagcega ccaacagegg 240

cgcggagegg cggtgecggt acaggggegt geggeggegg gectggggga agtgggtgte 300

ggagatccegg gtgcegggea cgcegggageyg getgtggetg ggatcctacyg cggegeccga 360

ggcegecgee gtegegecacg acgecgeaege gtgectecte cgeggetgeyg cgggecgecyg 420
cctcaactte cegggecgeg cegectgeta ctacgectge ggegggcage agecgetgte 480
gecgegetee gtgcagegeg tegegtcecega cgcecggcatg gecgecgacyg cgcagategt 540
cgacgegegyg geggeccteg cctegecgee gecegttgte cagecegecg ctetegetgg 600

cattattgge ggcgecgege gagaaggegg cggaggegtg cgaggececeg cgtgegegece 660

ggcgecgeca agcaacggeg ctggcagcag cagtacgtat tggtccacge cgagcagtga 720
geegecgett gtttacgggg acattagegt agacgacata gagatcttga tttgactatt 780
aggcactagt tagtagcata gtcatggcag ttc 813

<210> SEQ ID NO 160
<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Zea mays
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ued

364

<220> FEATURE:
<223> OTHER INFORMATION: G3650 p

<400> SEQUENCE: 160

Met Ser Thr
1

His Leu Ile

Gln Thr Ala

Asp Ala Gln

50

Ser Arg Ala
65

Gly Val Arg

Pro Gly Thr

Ala Ala Ala

115

Ala Gly Arg
130

Cys Gly Gly
145

Ser Asp Ala

Ala Leu Ala

Ile Ile Gly

195

Ala Cys Ala
210

Tyr Trp Ser
225

Ser Val Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Pro Ala Ala Leu

5

Asn Thr Pro Thr Ser

20

Lys Asn His Gln His

Pro Ala Ser Pro Cys

55

Ala Thr Asn Ser Gly

70

Arg Arg Ala Trp Gly

85

Arg Glu Arg Leu Trp

100

Val Ala His Asp Ala

120

Arg Leu Asn Phe Pro

135

Gln Gln Pro Leu Ser
150

Gly Met Ala Ala Asp

165

Ser Pro Pro Pro Val

180

Gly Ala Ala Arg Glu

200

Pro Ala Pro Pro Ser

215

Thr Pro Ser Ser Glu
230

Asp Ile Glu Ile Leu

245
D NO 161
H: 702

DNA

<213> ORGANISM: Oryza sativa

<220> FEATU

RE:

<223> OTHER INFORMATION: G3651

<400> SEQUENCE: 161

atggctgacc

gcgaatcaaa

ctcagetege

cggtgcaggt

gtgcceggcea

gtcgegcacy

ggcgcgaccg

cgeetgtege

tcccatgeat

tcgagggtga

¢ggaggagge

acaggggcgt

¢gcegggagey

acacggeegt

ctcaacttcce

cgeggteegt

atatatacgc

aattaagtca

aatgagcegyg

gcggeggegy

getgtggetg

ctacttcectce

cggagcgcgce

gcagegegtyg

olypeptide

Thr Leu Ile
10

Leu Val Ser
25

Lys Cys Thr

Pro Asp Gly

Ala Glu Arg
75

Lys Trp Val
90

Leu Gly Ser
105

Ala Ala Cys

Gly Arg Ala

Pro Arg Ser
155

Ala Gln Ile
170

Val Gln Pro
185

Gly Gly Gly

Asn Gly Ala

Pro Pro Leu
235

Ile

gtagtacgta
agaacggaga
geggagtgeg
cggtggggga
gggtcctacy
cgcggaggeyg
ggcggecace

gegtecegacy

Leu Leu Val

Ser Cys Ala
30

Ser His Cys

Arg Pro Thr
60

Arg Cys Arg

Ser Glu Ile

Tyr Ala Ala
110

Leu Leu Arg
125

Ala Cys Tyr
140

Val Gln Arg

Val Asp Ala

Ala Ala Leu
190

Gly Val Arg
205

Gly Ser Ser
220

Val Tyr Gly

cacttgettt
gagatcacgg
geggeggega
agtgggtgtce
ccacgecgga
cgggcgacgg
gtacggcgge

cggcatggee

Ser Pro
15

Pro Ser

Pro Ser

Thr Met

Tyr Arg
80

Arg Val
95

Pro Glu

Gly Cys

Tyr Ala

Val Ala
160

Arg Ala
175

Ala Gly

Gly Pro

Ser Thr

Asp Ile
240

cccaacgete
tgaggttgat
ggaggaggag
ggagatcegg
ggcegecgece
cggtggcgge
cgecegtggeyg

gecgacgege

60

120

180

240

300

360

420

480
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agcteggegt

cactgegecg

getcacgege

gccgaggaga

<210>
<211>
<212>
<213>
<220>
<223>

geegggacce

gegegacgac

atgcecgeegyg

ttagcgtgga

PRT

<400> SEQUENCE:

Met

1

Phe

Glu

Ser

Arg

65

Glu

Gly

Ala

Arg

145

Ser

Ala

Leu

Asn

Ser
225

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Pro

Arg

Arg

50

Gly

Pro

Ala

Ala

Arg

130

Ser

Ser

Arg

Ala

Ala

210

Val

Asp

Thr

Asp

Ala

Val

Gly

Ala

Gly

115

Gly

Val

Ala

Pro

Arg

195

Arg

Asp

Leu

Leu

20

His

Glu

Arg

Thr

Ala

100

Asp

Gly

Gln

Cys

Asp

180

Arg

Thr

Asp

<400> SEQUENCE:

attcgeggee gcgaatatga gtaccagete agatgaaggt aacaactgtt taagccaaaa

gacttacaaa ggcgttaggt gccgacgatyg gggcaaatgg gtgtcagaga ttegagttec

aggaagtcga gaacggctcet ggctaggeac gtactctacg cetgagggtyg cagetgtgge

SEQ ID NO 162
LENGTH:
TYPE :
ORGANISM: Oryza
FEATURE:
OTHER INFORMATION: G3651 polypeptide

233

162

Pro

5

Ala

Gly

Cys

Arg

Arg

85

Val

Gly

His

Arg

Arg

165

His

Gly

Ser

Met

SEQ ID NO 163
LENGTH:
TYPE: DNA
ORGANISM: Zinnia elegans
FEATURE:
OTHER INFORMATION: G3647

495

163

Cys

Asn

Glu

Gly

Arg

70

Glu

Ala

Gly

Arg

Val

150

Asp

Cys

Met

Gly

Glu
230

Ile

Gln

Val

Gly

55

Arg

Arg

His

Gly

Thr

135

Ala

Pro

Ala

Tyr

Glu

215

Ile

ggceeggece
ggcgeggeac
cgcgaacgec

tgacatggag

sativa

Tyr

Ile

Asp

Gly

Trp

Leu

Asp

Gly

120

Ala

Ser

Ala

Gly

Gly

200

Arg

Leu

gcgecggega

gacgagctgg

aggacgagcg

atcctgatgt

Ile

Glu

25

Leu

Glu

Gly

Trp

Thr

105

Gly

Ala

Asp

Arg

Ala

185

Ala

Gln

Met

Arg

10

Gly

Ser

Glu

Lys

Leu

90

Ala

Ala

Ala

Ala

Pro

170

Thr

His

Leu

Val

Glu

Ser

Glu

Trp

75

Gly

Val

Thr

Val

Ala

155

Ala

Thr

Ala

Val

cggegtacge gegeccggat
cgegeegegyg gatgtacgge

gegageggea getegtetgt

aa

Val

Ile

Pro

Glu

60

Val

Ser

Tyr

Ala

Ala

140

Trp

Pro

Ala

His

Cys
220

Arg

Lys

Glu

45

Arg

Ser

Tyr

Phe

Gln

125

Arg

Pro

Ala

Arg

Ala

205

Ala

Thr

Ser

30

Glu

Cys

Glu

Ala

Leu

110

Leu

Leu

Pro

Thr

His

190

Ala

Glu

Leu

15

Arg

Ala

Arg

Ile

Thr

95

Arg

Pro

Ser

Thr

Ala

175

Asp

Gly

Glu

Ala

Thr

Met

Tyr

Arg

80

Pro

Gly

Gly

Pro

Arg

160

Tyr

Glu

Ala

Ile

540

600

660

702

60

120

180
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tcatgatgta gcctegtact gtttaaaagg gaatacgtet tttcataaac ttaatattce 240
gtctatgtta cctecgacag cacggacaga cctatctect aggtccatcce aaaaggctge 300
gtectgatget ggtatggcca tagacgcacg gtttategeg tctagagata ccacaccgac 360
taatgaggcg ttgaacattt ctgtagatga ttatctttaa attttgagaa ctaatattgt 420
gtcaccaata ttgtaagtcg atctacattg gcaaacacaa tgtacgtgtt tggtggcact 480
tccagattat tgttt 495
<210> SEQ ID NO 164
<211> LENGTH: 127
<212> TYPE: PRT
<213> ORGANISM: Zinnia elegans
<220> FEATURE:
<223> OTHER INFORMATION: G3647 polypeptide
<400> SEQUENCE: 164
Met Ser Thr Ser Ser Asp Glu Gly Asn Asn Cys Leu Ser Gln Lys Thr
1 5 10 15
Tyr Lys Gly Val Arg Cys Arg Arg Trp Gly Lys Trp Val Ser Glu Ile
20 25 30
Arg Val Pro Gly Ser Arg Glu Arg Leu Trp Leu Gly Thr Tyr Ser Thr
35 40 45
Pro Glu Gly Ala Ala Val Ala His Asp Val Ala Ser Tyr Cys Leu Lys
50 55 60
Gly Asn Thr Ser Phe His Lys Leu Asn Ile Pro Ser Met Leu Pro Pro
65 70 75 80
Thr Ala Arg Thr Asp Leu Ser Pro Arg Ser Ile Gln Lys Ala Ala Ser
85 90 95
Asp Ala Gly Met Ala Ile Asp Ala Arg Phe Ile Ala Ser Arg Asp Thr
100 105 110
Thr Pro Thr Asn Glu Ala Leu Asn Ile Ser Val Asp Asp Tyr Leu
115 120 125
<210> SEQ ID NO 165
<211> LENGTH: 649
<212> TYPE: DNA
<213> ORGANISM: Brassica oleracea
<220> FEATURE:
<223> OTHER INFORMATION: G3646
<400> SEQUENCE: 165
cagcegcata acatattact attcccectg gtcatatctt tgacttttat ttttatttge 60
tctaacctaa aagtattata taagtattgc acaattcata caatcggaat tgactttett 120
ctectecaat cgtattttta ttcaacagtt cctctcaaga tcatcaactc aaaaaatgga 180
tcctagagac ggcggagaaa cccatcagge caagtacaaa ggcatccegte gccggaaatg 240
gggaaaatgyg gtatcggaga ttagggttcce agcaactcegt gaacgactct ggttaggetce 300
tttctecace gcecgaaggag ctgcggtage ccacgacgte getttttact gettgcaccyg 360
accatcttet ctcgacaacg aagcttttaa cttccctcac ttgctgcaac ctteecttge 420
ctccaacaca tctectaagt ccatacaaaa agetgctteg gacgcaggca tgggegtaga 480
cgcaggatte gccctaaaca acgacagege gagtggtgge gtggaggaag gcaccgaacyg 540
ggaaacgttyg aacatctceg tgtacgatta tctagacgac ggtcgcattt gatatattgg 600
tttatatcta cgagcacctt atattagtaa ttaatatagg atgtgaata 649
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<210> SEQ ID NO 166

<211> LENGTH: 137

<212> TYPE: PRT

<213> ORGANISM: Brassica oleracea

<220> FEATURE:

<223> OTHER INFORMATION: G3646 polypeptide

<400> SEQUENCE: 166

Asp Pro Arg Asp Gly Gly Glu Thr His Gln Ala Lys Tyr Lys Gly Ile
1 5 10 15

Arg Arg Arg Lys Trp Gly Lys Trp Val Ser Glu Ile Arg Val Pro Ala
20 25 30

Thr Arg Glu Arg Leu Trp Leu Gly Ser Phe Ser Thr Ala Glu Gly Ala
35 40 45

Ala Val Ala His Asp Val Ala Phe Tyr Cys Leu His Arg Pro Ser Ser
50 55 60

Leu Asp Asn Glu Ala Phe Asn Phe Pro His Leu Leu Gln Pro Ser Leu
65 70 75 80

Ala Ser Asn Thr Ser Pro Lys Ser Ile Gln Lys Ala Ala Ser Asp Ala

Gly Met Gly Val Asp Ala Gly Phe Ala Leu Asn Asn Asp Ser Ala Ser
100 105 110

Gly Gly Val Glu Glu Gly Thr Glu Arg Glu Thr Leu Asn Ile Ser Val
115 120 125

Tyr Asp Tyr Leu Asp Asp Gly Arg Ile
130 135

<210> SEQ ID NO 167

<211> LENGTH: 656

<212> TYPE: DNA

<213> ORGANISM: Brassica rapa
<220> FEATURE:

<223> OTHER INFORMATION: G3645

<400> SEQUENCE: 167

cccacgegte cgatggatta catcgacaac accgtcgaaa ctcaatcaaa gtacaaaggce 60
atccgtegee ggaaatgggg gaaatgggta tceggagatte gagttcecggyg aactcgegac 120
cgtcetetggt taggetcatt ctccacggeg gaaggcgcag cegtggcegea cgacgtgget 180
ttctactgtt tacaccaacc aaactcgetce gaatctcteca acttccctca cttgettect 240
ccttecattyg tttecaagac ttegecgagg tcetatccage aagetgette taatgecgga 300
atggcegttyg acgccggaat cgttaacage tgtgatcacyg cgtcagggaa ctctgggaat 360
ggagatacaa cgacggcgta ttgtgagaat ggaggtgcegt tgaatatatc agtgtatgat 420
tatttggacg gtcacgatca cgtttgaact tcatcttcett gttttttcgt ttaaagatac 480
agctactcaa aagaagcagt gatggagect ggtgtgtaag caagcaaaac gttgtgaata 540
tatataccgg tatgtttcge tgttggecca atgcaagaaa cttttgtagt acgaatatat 600
atattttatt ttgaatgcct tcaagaggat tataatgcga gtgaagcttt gtttca 656

<210> SEQ ID NO 168

<211> LENGTH: 144

<212> TYPE: PRT

<213> ORGANISM: Brassica rapa

<220> FEATURE:

<223> OTHER INFORMATION: G3645 polypeptide

<400> SEQUENCE: 168

Met Asp Tyr Ile Asp Asn Thr Val Glu Thr Gln Ser Lys Tyr Lys Gly
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-continued
1 5 10 15
Ile Arg Arg Arg Lys Trp Gly Lys Trp Val Ser Glu Ile Arg Val Pro
20 25 30
Gly Thr Arg Asp Arg Leu Trp Leu Gly Ser Phe Ser Thr Ala Glu Gly
35 40 45
Ala Ala Val Ala His Asp Val Ala Phe Tyr Cys Leu His Gln Pro Asn
50 55 60
Ser Leu Glu Ser Leu Asn Phe Pro His Leu Leu Pro Pro Ser Ile Val
65 70 75 80
Ser Lys Thr Ser Pro Arg Ser Ile Gln Gln Ala Ala Ser Asn Ala Gly
85 90 95
Met Ala Val Asp Ala Gly Ile Val Asn Ser Cys Asp His Ala Ser Gly
100 105 110
Asn Ser Gly Asn Gly Asp Thr Thr Thr Ala Tyr Cys Glu Asn Gly Gly
115 120 125
Ala Leu Asn Ile Ser Val Tyr Asp Tyr Leu Asp Gly His Asp His Val
130 135 140
<210> SEQ ID NO 169
<211> LENGTH: 576
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<220> FEATURE:
<223> OTHER INFORMATION: G3652
<400> SEQUENCE: 169
atgcaggcca acacgacgca gccggegecg gagaaggaga cgaggtataa gggegtgcegg 60
ctacggcagt gggggaaatg ggtggcggag atccgactge ccaacagcecyg caagaggata 120
tggctgggat cctactacac accggagaag geggcegeggyg cgttegacge cgcegttcata 180
tgtctecegeg geggtgagge cattgecggg ctcaacttea cecgagtcace gecggecgte 240
gtegecegea ccaccgaccee gcogggaggtg ctegectteg cgacgtegea tgccaacctg 300
ctgtegttgt tggatgccge cattgcgcaa gaagaagaag ctcattcttt caaaaaagaa 360
gaagaagctce aggtggagga gaagacggct gaggagtcct cagacgtggt cagggcaaat 420
geggegecac caccgecggt gcaggtggca ggtgggaget ttgactggtce acagetgecg 480
ctctactege caacgacaac cccagctgca gagcattggg aggaagataa cgtcgaaggt 540
actacaagtg ataacctttg gagcttcgat ttcectga 576
<210> SEQ ID NO 170
<211> LENGTH: 191
<212> TYPE: PRT
<213> ORGANISM: Oryza sativa
<220> FEATURE:
<223> OTHER INFORMATION: G3652 polypeptide
<400> SEQUENCE: 170
Met Gln Ala Asn Thr Thr Gln Pro Ala Pro Glu Lys Glu Thr Arg Tyr
1 5 10 15
Lys Gly Val Arg Leu Arg Gln Trp Gly Lys Trp Val Ala Glu Ile Arg
20 25 30
Leu Pro Asn Ser Arg Lys Arg Ile Trp Leu Gly Ser Tyr Tyr Thr Pro
35 40 45
Glu Lys Ala Ala Arg Ala Phe Asp Ala Ala Phe Ile Cys Leu Arg Gly
50 55 60
Gly Glu Ala Ile Ala Gly Leu Asn Phe Thr Glu Ser Pro Pro Ala Val
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65 70 75 80
Val Ala Arg Thr Thr Asp Pro Arg Glu Val Leu Ala Phe Ala Thr Ser
85 90 95
His Ala Asn Leu Leu Ser Leu Leu Asp Ala Ala Ile Ala Gln Glu Glu
100 105 110
Glu Ala His Ser Phe Lys Lys Glu Glu Glu Ala Gln Val Glu Glu Lys
115 120 125
Thr Ala Glu Glu Ser Ser Asp Val Val Arg Ala Asn Ala Ala Pro Pro
130 135 140
Pro Pro Val Gln Val Ala Gly Gly Ser Phe Asp Trp Ser Gln Leu Pro
145 150 155 160
Leu Tyr Ser Pro Thr Thr Thr Pro Ala Ala Glu His Trp Glu Glu Asp
165 170 175
Asn Val Glu Gly Thr Thr Ser Asp Asn Leu Trp Ser Phe Asp Phe
180 185 190
<210> SEQ ID NO 171
<211> LENGTH: 441
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<220> FEATURE:
<223> OTHER INFORMATION: G3653
<400> SEQUENCE: 171
atgcaaccte cggctacttc ccgccaaaag ctggagttgt ttgaattctyg ccgacataat 60
agttttctgg atctctectet ccatttcatg caggccaacyg gtacgtcegece ggcgecagtyg 120
gagaggaagt acaggggcgt gcggcetgcegg cagtggggga agtgggtggce ggagattcgg 180
ctgcecaaca gcectcaagag gatatggetg ggatcctacyg actcegcecgga gaaggeggceg 240
cgggegtteg acgecgectt catctgtete cgeggeggeyg aggccatcege cggectcaac 300
tteccecgagt cgccegeccac cgtcegttgece cgeactageg acccgeggga ggtgetegece 360
tacgcgacgt cgcatgctaa ccggctggga tgccaccatt gcacaggaag aagcagcetct 420
ggtggaggag gagacggcta a 441
<210> SEQ ID NO 172
<211> LENGTH: 146
<212> TYPE: PRT
<213> ORGANISM: Oryza sativa
<220> FEATURE:
<223> OTHER INFORMATION: G3653 polypeptide
<400> SEQUENCE: 172
Met Gln Pro Pro Ala Thr Ser Arg Gln Lys Leu Glu Leu Phe Glu Phe
1 5 10 15
Cys Arg His Asn Ser Phe Leu Asp Leu Ser Leu His Phe Met Gln Ala
20 25 30
Asn Gly Thr Ser Pro Ala Pro Val Glu Arg Lys Tyr Arg Gly Val Arg
35 40 45
Leu Arg Gln Trp Gly Lys Trp Val Ala Glu Ile Arg Leu Pro Asn Ser
50 55 60
Leu Lys Arg Ile Trp Leu Gly Ser Tyr Asp Ser Pro Glu Lys Ala Ala
65 70 75 80
Arg Ala Phe Asp Ala Ala Phe Ile Cys Leu Arg Gly Gly Glu Ala Ile
85 90 95
Ala Gly Leu Asn Phe Pro Glu Ser Pro Pro Thr Val Val Ala Arg Thr

100

105

110



375

US 9,447,425 B2

-continued

376

Ser Asp Pro Arg Glu Val Leu Ala Tyr Ala Thr Ser His Ala Asn Arg

115

120

125

Leu Gly Cys His His Cys Thr Gly Arg Ser Ser Ser Gly Gly Gly Gly

130

Asp Gly
145

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 173
H: 636
DNA

135

<213> ORGANISM: Oryza sativa

<220> FEATU

RE:

<223> OTHER INFORMATION: G3655

<400> SEQUE:
atgagctcac
ggceggcageg
cagtggggga
ggatcctacyg
cgeggegtec
gecegeaccyg
tcggecgaag
gacggegtgg
gactggtcge
agccaggega
ttagctacta
<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGAN
<220> FEATU

NCE: 173
cgatggagec
cggegecagyge
agtgggegge
acacgccgga
aagccattge
gegatetgeg
cggegecegge
tgaggggaaa
agttcatgge
tgtggceggt
catgtegttyg
D NO 174
H: 211
PRT

ISM: Oryza
RE:

agtgtcttte

dgcggeggayg

ggagatccgt

gaaggeggceyg

cgggctcaac

tgaggtgtat

cgacattgtt

tgcggegecg

aaacccacca

gacagcaccyg

gagcttcgat

sativa

atgcagaaga

aggaggaaat

ctgcccagea

cgggcgttcg

ttceccegagt

gecttegety

gttcecagete

cegecggtyge

cctatgtact

gcagcagaag

gectag

<223> OTHER INFORMATION: G3655 polypeptide

<400> SEQUENCE: 174

Met Ser Ser
1

Ala Ala Ala
Lys Tyr Lys
35

Ile Arg Leu
50

Thr Pro Glu
65

Arg Gly Val

Pro Pro Thr

Ala Val Ser
115

Ile Val Val
130

Pro Met Glu Pro Val

5

Asp Gly Gly Ser Ala

20

Gly Val Arg Leu Arg

Pro Ser Ser Cys Glu

55

Lys Ala Ala Arg Ala

70

Gln Ala Ile Ala Gly

85

Ala Ala Arg Thr Gly

100

His Ala Asn Arg Pro

120

Pro Ala Gln Val Ala

135

Ser

Ala

25

Gln

Arg

Phe

Leu

Asp
105

Ser

Thr

Phe

10

Gln

Trp

Ile

Asp

Asn

90

Leu

Ala

Glu

Met

Ala

Gly

Trp

Ala

75

Phe

Arg

Glu

Glu

140

gegeggegge
acaagggcgt
getgcgagag
acgccgegtt
cececegecgec
tgtcgcatge
aggtcgcgac
aggtggcgge
caccgacgge

ccgacggtga

Gln Lys Ser

Ala Ala Glu
30

Lys Trp Ala

Leu Gly Ser
60

Ala Phe Ile

Pro Glu Ser

Glu Val Tyr

110

Ala Ala Pro
125

Ser Asp Gly
140

ggeggeggac
geggetgegt
gatatggetg
catctgecte
gectacegece
caaccggecg
cgaggagtcc
tgggagctty
gacagccgga

ggatgacgaa

Ala Ala
15

Arg Arg

Ala Glu

Tyr Asp

Cys Leu
80

Pro Pro
95
Ala Phe

Ala Asp

Val Val

60

120

180

240

300

360

420

480

540

600

636
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378

Arg Gly Asn
145

Asp Trp Ser
Ala Thr Ala
Glu Ala Asp

195
Phe Asp Ala

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Ala Pro Pro Pro
150

Gln Phe Met Ala Asn

165

Gly Ser Gln Ala Met

180

Gly Glu Asp Asp Glu

D NO 175
H: 624
DNA

200

<213> ORGANISM: Oryza sativa

<220> FEATU

RE:

<223> OTHER INFORMATION: G3654

<400> SEQUENCE: 175

atgtcgtegt
gggaagtggg
tacgacacgc
ggeggegagy
accagcgacc
cegecgeagt
geggetcagg
gtgaatgtge
ccgacggeag
tcaataatgg
tcaccgactce
<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGAN
<220> FEATU

cgtettegge
tgtcggagat
ccgaggagge
cegecgggaa
cgcaggaggt
cggeccgage
aggeggegge
tggcagcage
caagcctega
aggatgacga
gttccaagty
D NO 176
H: 207
PRT

ISM: Oryza
RE:

gacgacgacyg

ceggetgece

dgcgegggcy

cgggatcaac

gtacgeggece

aacgtegtet

ggacatggcg

tgggagctte

tttgcagagyg

cgacgaagga

gtaa

sativa

Val

Pro

Trp

185

Leu

Gln

Pro

170

Pro

Ala

Val

155

Pro

Val

Thr

aagtataggg

aacagccgeg

ttcgacgeeyg

ttceccegget

geggtgtege

gcacttccat

cccgacgtygy

gaatattggt

tggatgacgg

acaagtgatg

<223> OTHER INFORMATION: G3654 polypeptide

<400> SEQUENCE: 176

Met Ser Ser
1

Leu Arg Lys

Arg Glu Arg
35

Arg Ala Phe
50

Ala Gly Asn
65
Thr Ser Asp

Asn Arg Pro

Pro Trp Glu

Ser Ser Ser Ala Thr

5

Trp Gly Lys Trp Val

20

Ile Trp Leu Gly Ser

40

Asp Ala Ala Phe Val

55

Gly Ile Asn Phe Pro

70

Pro Gln Glu Val Tyr

85

Pro Pro Pro Pro Ser

100

Glu Ala Pro Val Val

Thr

Ser

25

Tyr

Cys

Gly

Ala

Ala

105

Ala

Thr

10

Glu

Asp

Leu

Ser

Ala

90

Arg

Ala

Lys

Ile

Thr

Arg

Pro

75

Ala

Ala

Gln

Ala Ala Gly

Met Tyr Ser

Thr Ala Pro

190

Thr Cys Arg
205

gagtgeggcet
agaggatatg
cgttegtety
cgeceeectyge
atgccaacaa
gggaggaage
tggtgcetgee
cgcaacaacc
cggeggegge

gtctttggag

Tyr Arg Gly

Arg Leu Pro
30

Pro Glu Glu
45

Gly Gly Gly
60

Pro Ala Val

Val Ser His

Thr Ser Ser

110

Glu Ala Ala

Ser Leu
160

Pro Thr
175

Ala Ala

Trp Ser

gecgcaagtgg
getgggatcee
cctecgegge
cgtggegege
ceggeegecyg
tecggtggtyg
atcgtegeceyg
actctactcg
ggccgaggaa

tttccactac

Val Arg

Asn Ser

Ala Ala

Glu Ala

Ala Arg
80

Ala Asn
95

Ala Leu

Ala Asp

60

120

180

240

300

360

420

480

540

600

624
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-continued
115 120 125
Met Ala Pro Asp Val Val Val Leu Pro Ser Ser Pro Val Asn Val Leu
130 135 140
Ala Ala Ala Gly Ser Phe Glu Tyr Trp Ser Gln Gln Pro Leu Tyr Ser
145 150 155 160
Pro Thr Ala Ala Ser Leu Asp Leu Gln Arg Trp Met Thr Ala Ala Ala
165 170 175
Ala Ala Glu Glu Ser Ile Met Glu Asp Asp Asp Asp Glu Gly Thr Ser
180 185 190
Asp Gly Leu Trp Ser Phe His Tyr Ser Pro Thr Arg Ser Lys Trp
195 200 205
<210> SEQ ID NO 177
<211> LENGTH: 719
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2576
<400> SEQUENCE: 177
caatcgegte tttgtttggt ttaatcgtga tggaagggte gtettetteg atgcagtcaa 60
agtacaaagg agtgaggaag aggaaatggg gaaaatgggt ttcagagatc agacttccca 120
acagcagaga acgtatttgg ttgggctett acgatactece tgagaaggeyg gcgegtgett 180
tcgacgegge tetttattgt ctccgtggeca acaacgcaaa gttcaatttce cctgataate 240
cteeggtgat cteeggegga cgtaacttgt cgegatctga gataagagaa gctgetgcga 300
ggttcgctaa tteggcggag gatgattcaa gtggeggage aggatacgag atacggcaag 360
aatctgctte aacatcgatg gacgttgatt cggagttttt gagtatgett ccgacggttg 420
gttcgggtaa cttecgetteg gagtttgggt tattcecctgg gtttgatgat ttctcecgatg 480
aatactccgg tgategtttc agagagcage tttegectac acaagattat tatcagettg 540
gagaagagac ttacgccgat ggttccatgt ttctttggaa tttttgaatt ccattattca 600
caatctgaaa attttgactt gggtttttta tttttttttg tagttcttta cccaattttt 660
ttttgatcat tgggataaag agttattcat tcactatttt tttcccacgt gttagattt 719
<210> SEQ ID NO 178
<211> LENGTH: 185
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2576 polypeptide
<400> SEQUENCE: 178
Met Glu Gly Ser Ser Ser Ser Met Gln Ser Lys Tyr Lys Gly Val Arg
1 5 10 15
Lys Arg Lys Trp Gly Lys Trp Val Ser Glu Ile Arg Leu Pro Asn Ser
20 25 30
Arg Glu Arg Ile Trp Leu Gly Ser Tyr Asp Thr Pro Glu Lys Ala Ala
35 40 45
Arg Ala Phe Asp Ala Ala Leu Tyr Cys Leu Arg Gly Asn Asn Ala Lys
50 55 60
Phe Asn Phe Pro Asp Asn Pro Pro Val Ile Ser Gly Gly Arg Asn Leu
65 70 75 80
Ser Arg Ser Glu Ile Arg Glu Ala Ala Ala Arg Phe Ala Asn Ser Ala
85 90 95
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-continued

Glu Asp Asp Ser Ser Gly Gly Ala Gly Tyr Glu Ile Arg Gln Glu Ser

100 105 110
Ala Ser Thr Ser Met Asp Val Asp Ser Glu Phe Leu Ser Met Leu Pro

115 120 125
Thr Val Gly Ser Gly Asn Phe Ala Ser Glu Phe Gly Leu Phe Pro Gly
130 135 140
Phe Asp Asp Phe Ser Asp Glu Tyr Ser Gly Asp Arg Phe Arg Glu Gln
145 150 155 160
Leu Ser Pro Thr Gln Asp Tyr Tyr Gln Leu Gly Glu Glu Thr Tyr Ala
165 170 175

Asp Gly Ser Met Phe Leu Trp Asn Phe

180 185
<210> SEQ ID NO 179
<211> LENGTH: 891
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G872
<400> SEQUENCE: 179
ccggaaacag aatccaattc aaccaaaccg aatcgaaccyg aaccggagtt tttatccaat 60
ggtgaagcaa gcgatgaagg aagaggagaa gaagagaaac acggcgatgc agtcaaagta 120
caaaggagtg aggaagagga aatggggaaa atgggtatcyg gagatcagac ttccacacag 180
cagagaacga atttggttag gctcttacga cactcccgag aaggcggege gtgcetttcga 240
cgecgetcaa ttttgtetee geggeggega tgctaattte aatttcccta ataatccace 300
gtegatctee gtagaaaagt cgttgacgcce tccggagatt caggaagetg ctgctagatt 360
cgctaacaca ttccaagaca ttgtcaaggg agaagaagaa tcegggtttag tacccggate 420
cgagatccga ccagagtctce cttctacatce tgecatctgtt gcetacatcga cggtggatta 480
tgatttttcg tttttggatt tgcttccgat gaatttcecggg tttgattcect tetceccgacga 540
cttetetgge tteteeggtyg gtgatcgatt tacagagatt ttacccatcg aagattacgg 600
aggagagagt ttattagatg aatctttgat tctttgggat ttttgaattc ccaaacataa 660
tattttttta gagcgaactyg tgagattttc cttggagtca tggagaaatc tggagatttt 720
ttgtaacacg gagctccaat gacccgggaa tttetttegt tteggatceg aatttgatgt 780
ggatcatatt cacacctata ttttttcatt tttttgttgt aaagaaaaat cggataagat 840
tctagtaata aatgttaaaa gtccatttca ttaaaaaaaa aaaaaaaaaa a 891
<210> SEQ ID NO 180
<211> LENGTH: 195
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G872 polypeptide
<400> SEQUENCE: 180
Met Val Lys Gln Ala Met Lys Glu Glu Glu Lys Lys Arg Asn Thr Ala
1 5 10 15
Met Gln Ser Lys Tyr Lys Gly Val Arg Lys Arg Lys Trp Gly Lys Trp

20 25 30
Val Ser Glu Ile Arg Leu Pro His Ser Arg Glu Arg Ile Trp Leu Gly

35 40 45
Ser Tyr Asp Thr Pro Glu Lys Ala Ala Arg Ala Phe Asp Ala Ala Gln
50 55 60
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384

Phe

65

Pro

Ala

Glu

Ser

Phe

145

Asp

Ile

Trp

<210>
<211>
<212>
<213>
<220>
<223>

Cys

Ser

Ala

Glu

Thr

130

Leu

Phe

Glu

Asp

Leu

Ile

Ala

Ser

115

Ser

Asp

Ser

Asp

Phe
195

Arg

Ser

Arg

100

Gly

Ala

Leu

Gly

Tyr
180

<400> SEQUENCE:

ccgagcactyg cgcactgage

agcaacaagt

gegtegtgea

geggtgagge

agggcgccgce

gegegegect

cectectecy

gcgggcgaca

gacgccgecyg

tegtegacge

gacgtgctgg

tegecgeage

aagttcatgg

daggaggacyg

aaacgatcgt

<210>
<211>
<212>
<213>
<220>
<223>

gecattgctge

gcggeggegy

cgtacaaggg

accagaagcg

acgacgeage

cctegteteg

tgtcgecgag

cegecgeagt

cgacgtcggg

accacgcgac

tggaggggga

atctaatgge

gegagetgat

Gly

Val

85

Phe

Leu

Ser

Leu

Phe

165

Gly

SEQ ID NO 181
LENGTH:
TYPE: DNA
ORGANISM: Oryza sativa
FEATURE:
OTHER INFORMATION: G3657

861

181

Gly Asp

Glu Lys

Ala Asn

Val Pro

Val Ala

135

Pro Met
150

Ser Gly

Gly Glu

gaatccatte t

PRT

<400> SEQUENCE:

SEQ ID NO 182
LENGTH:
TYPE :
ORGANISM: Oryza sativa
FEATURE:
OTHER INFORMATION: G3657 polypeptide

258

182

Ala

Ser

Thr

Gly

120

Thr

Asn

Gly

Ser

acctcgacac

thngCgCg

aggtgatggg

ggtgaggatg

geggatctgg

getgetetge

cegecgecte

gtccatccag

cgtegtegac

agcgaccteg

gacgcegteg

ccatgagetyg

cgccggcgge

gaggctgtgg

Asn

Leu

Phe

105

Ser

Ser

Phe

Asp

Leu
185

Phe

Thr

90

Gln

Glu

Thr

Gly

Arg

170

Leu

Asn

75

Pro

Asp

Ile

Val

Phe

155

Phe

Asp

dgcgegegey

acggeggegy

aaggtgacga

cggagctggg

ctgggetect

ctcaaggget

gacatccace

cgcgtegegg

gaaagctgcet

ctgtccacge

tegtegtegt

tggacggagc

acggcgttet

agcttetget

Phe Pro Asn

Pro Glu Ile

Ile Val Lys

110

Arg Pro Glu
125

Asp Tyr Asp
140

Asp Ser Phe

Thr Glu Ile

Glu Ser Leu
190

cggecatggt
cecggettagyg
cggeggegge
ggtcgtgggt
acgccacgec
ccgacgeegt
gggggggceac
cegecgegge
cgtgcagege
tgggaagcte
ctgeccgegge
tggacgcgtt
cgtegecgty

agcttageta

Asn Pro
80

Gln Glu
95

Gly Glu

Ser Pro

Phe Ser

Ser Asp

160

Leu Pro
175

Ile Leu

gaagaacacg
cggtggegey
agcggegttyg
gtcggagatc
ggaggcegeg
cctcaactte
ggactcggeg
ggcggcatte
cgaggcgaty
cggeggeggt
caacgtttgc
CgCgthCCg
ggaggagcce

ggagcctagg

Met Val Lys Asn Thr Ser Asn Lys Cys Ile Ala Ala Ala Gly Ala Thr

60

120

180

240

300

360

420

480

540

600

660

720

780

840

861
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-continued

1 5 10 15

Ala Ala Ala Gly Leu Gly Gly Gly Ala Ala Ser Cys Ser Gly Gly Gly
20 25 30

Gly Asp Gly Lys Val Thr Thr Ala Ala Ala Ala Ala Leu Ala Val Arg
35 40 45

Pro Tyr Lys Gly Val Arg Met Arg Ser Trp Gly Ser Trp Val Ser Glu
50 55 60

Ile Arg Ala Pro His Gln Lys Arg Arg Ile Trp Leu Gly Ser Tyr Ala

Thr Pro Glu Ala Ala Ala Arg Ala Tyr Asp Ala Ala Leu Leu Cys Leu
85 90 95

Lys Gly Ser Asp Ala Val Leu Asn Phe Pro Ser Ser Ala Ser Ser Arg
100 105 110

Arg Arg Leu Asp Ile His Arg Gly Gly Thr Asp Ser Ala Ala Gly Asp
115 120 125

Met Ser Pro Arg Ser Ile Gln Arg Val Ala Ala Ala Ala Ala Ala Ala
130 135 140

Phe Asp Ala Ala Ala Ala Ala Val Val Val Asp Glu Ser Cys Ser Cys
145 150 155 160

Ser Ala Glu Ala Met Ser Ser Thr Pro Thr Ser Gly Ala Thr Ser Leu
165 170 175

Ser Thr Leu Gly Ser Ser Gly Gly Gly Asp Val Leu Asp His Ala Thr
180 185 190

Thr Pro Ser Ser Ser Ser Ser Ala Ala Ala Asn Val Cys Ser Pro Pro
195 200 205

Leu Glu Gly Asp His Glu Leu Trp Thr Glu Leu Asp Ala Phe Ala Ser
210 215 220

Pro Lys Phe Met Asp Leu Met Ala Ala Gly Gly Thr Ala Phe Ser Ser
225 230 235 240

Pro Trp Glu Glu Pro Glu Glu Asp Gly Glu Leu Met Arg Leu Trp Ser
245 250 255

Phe Cys

<210> SEQ ID NO 183

<211> LENGTH: 765

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2115

<400> SEQUENCE: 183

aatcactcta caaagcctgt acgtacacaa caacattacc atggtgaaac aagaacgcaa 60
gatccaaacc agcagcacaa aaaaggaaat gectttgtca tcatcaccat cttettette 120
ttcttecatet tettectegt cttegtette gtgtaagaac aagaacaaga agagtaagat 180
taagaagtac aaaggagtga ggatgagaag ttggggatca tgggtctctyg agattaggge 240
accaaatcaa aagacaagga tttggttagg ttcttactca acagctgaag cagctgctag 300
agcttacgat gttgcactct tatgtctcaa aggccctcaa gccaatctca acttccectac 360
ttecttettet tetcatcate ttecttgataa tctettagat gaaaatacce ttttgtcecce 420
caaatccatce caaagagtag ctgctcaage tgccaactca tttaaccatt ttgcccectac 480
ttcatcagee gtctegtcac cgtccgatca tgatcatcac catgatgatg ggatgcaatce 540

tttgatggga tcttttgtgg acaatcatgt gtctttgatg gattcaacat cttcatggta 600
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-continued
tgatgatcat aatgggatgt tcttgtttga taatggagct ccattcaatt actctcectca 660
actaaactcg acgacgatgc tcgatgaata cttctacgaa gatgctgaca ttcegetttg 720
gagtttcaat taatccgacg gtccataata catactttaa ttagt 765

<210> SEQ ID NO 184

<211> LENGTH: 230

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2115 polypeptide

<400> SEQUENCE: 184

Met Val Lys Gln Glu Arg Lys Ile Gln Thr Ser Ser Thr Lys Lys Glu
1 5 10 15

Met Pro Leu Ser Ser Ser Pro Ser Ser Ser Ser Ser Ser Ser Ser Ser
20 25 30

Ser Ser Ser Ser Ser Cys Lys Asn Lys Asn Lys Lys Ser Lys Ile Lys
35 40 45

Lys Tyr Lys Gly Val Arg Met Arg Ser Trp Gly Ser Trp Val Ser Glu
50 55 60

Ile Arg Ala Pro Asn Gln Lys Thr Arg Ile Trp Leu Gly Ser Tyr Ser
65 70 75 80

Thr Ala Glu Ala Ala Ala Arg Ala Tyr Asp Val Ala Leu Leu Cys Leu
85 90 95

Lys Gly Pro Gln Ala Asn Leu Asn Phe Pro Thr Ser Ser Ser Ser His
100 105 110

His Leu Leu Asp Asn Leu Leu Asp Glu Asn Thr Leu Leu Ser Pro Lys
115 120 125

Ser Ile Gln Arg Val Ala Ala Gln Ala Ala Asn Ser Phe Asn His Phe
130 135 140

Ala Pro Thr Ser Ser Ala Val Ser Ser Pro Ser Asp His Asp His His
145 150 155 160

His Asp Asp Gly Met Gln Ser Leu Met Gly Ser Phe Val Asp Asn His
165 170 175

Val Ser Leu Met Asp Ser Thr Ser Ser Trp Tyr Asp Asp His Asn Gly
180 185 190

Met Phe Leu Phe Asp Asn Gly Ala Pro Phe Asn Tyr Ser Pro Gln Leu
195 200 205

Asn Ser Thr Thr Met Leu Asp Glu Tyr Phe Tyr Glu Asp Ala Asp Ile
210 215 220

Pro Leu Trp Ser Phe Asn
225 230

<210> SEQ ID NO 185

<211> LENGTH: 687

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: G2294

<400> SEQUENCE: 185

tccteeoctta attagtatca aaaatggtga aaacacttca aaagacacca aagagaatgt 60
catctccate atcatcatct tcatcatect catcaacatce atcatcatce ataaggatga 120
agaagtacaa gggagtgaga atgagaagtt ggggttcatg ggtttcagag atcagagcte 180

ctaatcaaaa gacaaggatc tggettggtt cttactcaac tgctgaagee geggctagag 240
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390

-continued
cctacgacge agcactccta tgtcttaaag gatcctcage taataatctce aacttcccag 300
agatctcaac ttctctctac catattatca acaatggtga taacaacaat gacatgtcce 360
ctaagtctat acaaagagta gcagctgcag ctgctgcetge caacacagat ccttectcat 420
catcagtctc tacttcatct ccattgecttt cctectccatce tgaagatcte tatgatgttg 480
tctecatgte acagtatgac caacaagtct ccttgtctga atcatcatca tggtacaact 540
getttgatgyg tgatgatcag ttcatgttca ttaatggagt cteccgegecg tatttgacaa 600
catcacttte tgatgatttc tttgaggaag gagatatcag attatggaac ttctgctgat 660
tctactttca ttatacctta ttctttg 687
<210> SEQ ID NO 186
<211> LENGTH: 211
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G2294 polypeptide
<400> SEQUENCE: 186
Met Val Lys Thr Leu Gln Lys Thr Pro Lys Arg Met Ser Ser Pro Ser
1 5 10 15
Ser Ser Ser Ser Ser Ser Ser Ser Thr Ser Ser Ser Ser Ile Arg Met
20 25 30
Lys Lys Tyr Lys Gly Val Arg Met Arg Ser Trp Gly Ser Trp Val Ser
35 40 45
Glu Ile Arg Ala Pro Asn Gln Lys Thr Arg Ile Trp Leu Gly Ser Tyr
50 55 60
Ser Thr Ala Glu Ala Ala Ala Arg Ala Tyr Asp Ala Ala Leu Leu Cys
65 70 75 80
Leu Lys Gly Ser Ser Ala Asn Asn Leu Asn Phe Pro Glu Ile Ser Thr
85 90 95
Ser Leu Tyr His Ile Ile Asn Asn Gly Asp Asn Asn Asn Asp Met Ser
100 105 110
Pro Lys Ser Ile Gln Arg Val Ala Ala Ala Ala Ala Ala Ala Asn Thr
115 120 125
Asp Pro Ser Ser Ser Ser Val Ser Thr Ser Ser Pro Leu Leu Ser Ser
130 135 140
Pro Ser Glu Asp Leu Tyr Asp Val Val Ser Met Ser Gln Tyr Asp Gln
145 150 155 160
Gln Val Ser Leu Ser Glu Ser Ser Ser Trp Tyr Asn Cys Phe Asp Gly
165 170 175
Asp Asp Gln Phe Met Phe Ile Asn Gly Val Ser Ala Pro Tyr Leu Thr
180 185 190
Thr Ser Leu Ser Asp Asp Phe Phe Glu Glu Gly Asp Ile Arg Leu Trp
195 200 205
Asn Phe Cys
210
<210> SEQ ID NO 187
<211> LENGTH: 838
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G1090
<400> SEQUENCE: 187
aaactaattc gcacagttct atatacactc acaaacacac acacacacaa tatagtgcta 60
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-continued
ctaaaataac cttgtattaa ttatggaaaa cacttacgtt ggccaacgag attaccgcett 120
caacgttaac cagttgtcct acagaggcat tcegtceggagyg aaatggggca aatgggtatce 180
ggagatccga gaacccggta agaaaacaag gatttggett ggaagctacg agacggccga 240
gatggctgea geggectacyg atgetgegge tcettcaccte cgaggacgtg ggaccaatcet 300
caactttceg gaactegtceg acagttttee teggcecggaa agetctagtt cggagcacat 360
tcaagcggcet gcacaagatg cagcacttat gtttaaacca ggtaggttga gtgaaccage 420
tctegagtet ggtcaaggac tttctcgagt aggattgtet ceggatcaga ttcaagcgat 480
taatgagtct ccattagact cgccgaggat ggggtggatyg caggatttgg aagttgctga 540
ctacgaagaa ttatacggac aattttttgg tcagcacgat agggatgagt tttttgaaat 600
gcagcaattt cagtccatat ggaattctaa taattgatat acgttcegett aattgcttaa 660
ccatttgatt ttttttttaa taatgtcata tcatcaacca aggtttttcg attatattca 720
gtaaagtata ataaattttc gacccttact gtttttcttg ggttcaattt gtaatctcett 780
aacaatgatg atgtcataaa taccaatatg attaattcaa attttcaaaa aaaaaaaa 838

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 188
H: 184
PRT

RE:

<223> OTHER INFORMATION: G1090 polypeptide

<400> SEQUENCE: 188

Met Glu Asn
1

Gln Leu Ser
Ser Glu Ile
35

Tyr Glu Thr
50

His Leu Arg
65

Ser Phe Pro

Ala Gln Asp

Ala Leu Glu

115

Gln Ile Gln
130

Trp Met Gln
145

Phe Phe Gly

Gln Ser Ile

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Thr Tyr Val Gly Gln

5

Tyr Arg Gly Ile Arg

20

Arg Glu Pro Gly Lys

40

Ala Glu Met Ala Ala

55

Gly Arg Gly Thr Asn

70

Arg Pro Glu Ser Ser

85

Ala Ala Leu Met Phe

100

Ser Gly Gln Gly Leu

120

Ala Ile Asn Glu Ser

135

Asp Leu Glu Val Ala
150

Gln His Asp Arg Asp

165

Trp Asn Ser Asn Asn

180

D NO 189
H: 724
DNA

RE:

Arg

Arg

25

Lys

Ala

Leu

Ser

Lys

105

Ser

Pro

Asp

Glu

thaliana

Asp

10

Arg

Thr

Ala

Asn

Ser

90

Pro

Arg

Leu

Tyr

Phe
170

Tyr

Lys

Arg

Tyr

Phe

75

Glu

Gly

Val

Asp

Glu
155

Phe

Arg Phe Asn
Trp Gly Lys
30

Ile Trp Leu
45

Asp Ala Ala

Pro Glu Leu

His Ile Gln

Arg Leu Ser
110

Gly Leu Ser
125

Ser Pro Arg
140

Glu Leu Tyr

Glu Met Gln

Val Asn
15

Trp Val

Gly Ser

Ala Leu

Val Asp
80

Ala Ala
95

Glu Pro

Pro Asp

Met Gly

Gly Gln
160

Gln Phe
175
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393 394

-continued

<223> OTHER INFORMATION: CBF4

<400> SEQUENCE: 189

catcttatce aaagaaaaaa tgaatccatt ttactctaca ttcccagact cgtttctete 60
aatctccgat catagatctc cggtttcaga cagtagtgag tgttcaccaa agttagette 120
aagttgtcca aagaaacgag ctgggaggaa gaagtttcgt gagacacgtc atccgattta 180
cagaggagtt cgtcagagga attctggtaa atgggtttgt gaagttagag agcctaataa 240
gaaatctagyg atttggttag gtacttttcc gacggttgaa atggctgctc gtgctcatga 300
tgttgctget ttagectctte gtggtegete tgcttgtete aatttegctg attcectgettg 360
geggettegt attcectgaga ctacttgtcece taaggagatt cagaaagcetg cgtctgaage 420
tgcaatggeg tttcagaatg agactacgac ggagggatct aaaactgcegyg cggaggcaga 480

ggaggcggea ggggaggggg tgagggagggd ggagaggagg gcggaggagce agaatggtgg 540

tgtgttttat atggatgatg aggcgctttt ggggatgccc aacttttttg agaatatggce 600
ggaggggatyg cttttgccge cgccggaagt tggctggaat cataacgact ttgacggagt 660
gggtgacgtyg tcactctgga gttttgacga gtaatttttt ggctcttttt ctggataata 720
agtt 724

<210> SEQ ID NO 190

<211> LENGTH: 224

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: CBF4 polypeptide

<400> SEQUENCE: 190

Met Asn Pro Phe Tyr Ser Thr Phe Pro Asp Ser Phe Leu Ser Ile Ser
1 5 10 15

Asp His Arg Ser Pro Val Ser Asp Ser Ser Glu Cys Ser Pro Lys Leu
20 25 30

Ala Ser Ser Cys Pro Lys Lys Arg Ala Gly Arg Lys Lys Phe Arg Glu
35 40 45

Thr Arg His Pro Ile Tyr Arg Gly Val Arg Gln Arg Asn Ser Gly Lys
50 55 60

Trp Val Cys Glu Val Arg Glu Pro Asn Lys Lys Ser Arg Ile Trp Leu
65 70 75 80

Gly Thr Phe Pro Thr Val Glu Met Ala Ala Arg Ala His Asp Val Ala
85 90 95

Ala Leu Ala Leu Arg Gly Arg Ser Ala Cys Leu Asn Phe Ala Asp Ser
100 105 110

Ala Trp Arg Leu Arg Ile Pro Glu Thr Thr Cys Pro Lys Glu Ile Gln
115 120 125

Lys Ala Ala Ser Glu Ala Ala Met Ala Phe Gln Asn Glu Thr Thr Thr
130 135 140

Glu Gly Ser Lys Thr Ala Ala Glu Ala Glu Glu Ala Ala Gly Glu Gly
145 150 155 160

Val Arg Glu Gly Glu Arg Arg Ala Glu Glu Gln Asn Gly Gly Val Phe
165 170 175

Tyr Met Asp Asp Glu Ala Leu Leu Gly Met Pro Asn Phe Phe Glu Asn
180 185 190

Met Ala Glu Gly Met Leu Leu Pro Pro Pro Glu Val Gly Trp Asn His
195 200 205



395

US 9,447,425 B2

-continued

396

Asn Asp Phe Asp Gly Val Gly Asp Val Ser Leu Trp Ser Phe Asp Glu

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

D NO 191
H: 803
DNA

RE:

215

<223> OTHER INFORMATION: CBF2

<400> SEQUENCE: 191

ctgatcaatg
ggtttectea
gggaaggaag
ctceggtaag
gactttccaa
tggcagatct
aacctgtgec
gatgtgtcat
tatttatacg
gatgtctagt
atggaactat
ttcgattttt
atggatctte
aatgcaaatg
<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

aactcatttt
ggcggtgatt
aagtttecgtg
tgggtgtgtg
accgctgaga
gectgtetea
aaggaaatcc
atgacgacgg
ccggaacaga
ttgttggata
aattttgatg
atttccattt
ttcttttttt
tttttgagtg
D NO 192
H: 207
PRT

RE:

ctgectttte

acagtccgaa

agactcgtca

agttgagaga

tggcagcteg

atttcgctga

aaaaggcggc

atgctcatgg

gccaagatge

acatggccga

tcgagggaga

ttggtattat

ggttgtgaga

cag

tgaaatgttt

gettgecacy

cccaatttac

gccaaacaag

tgctcacgac

cteggettygyg

ggctgaagee

tcttgacatg

gttttatatg

agggatgett

tgatgacgtyg

agetttttat

aacgaatgta

<223> OTHER INFORMATION: CBF2 polypeptide

<400> SEQUENCE: 192

Met Phe Gly
1

Ser Pro Lys

Lys Phe Arg

Asn Ser Gly
50

Arg Ile Trp
65

His Asp Val

Phe Ala Asp

Lys Glu Ile
115

Glu Met Cys
130

Thr Leu Val

Ser Asp Tyr Glu Ser

5

Leu Ala Thr Ser Cys

20

Glu Thr Arg His Pro

40

Lys Trp Val Cys Glu

55

Leu Gly Thr Phe Gln

70

Ala Ala Ile Ala Leu

85

Ser Ala Trp Arg Leu

100

Gln Lys Ala Ala Ala

120

His Met Thr Thr Asp

135

Glu Ala Ile Tyr Thr

Pro

Pro

25

Ile

Leu

Thr

Arg

Arg

105

Glu

Ala

Pro

Val

10

Lys

Tyr

Arg

Ala

Gly

90

Ile

Ala

His

Glu

Ser

Lys

Arg

Glu

Glu

75

Arg

Pro

Ala

Gly

Gln

220

ggctcegatt
agctgecceca
agaggagttc
aaaacgagga
gtegecgeca
cggctacgaa
gegttgaatt
gaggagacct
gatgaagagg
ttaccgtege
tccttatgga
acatttgatc

aatggtaaaa

Ser Gly Gly

Pro Ala Gly
30

Gly Val Arg
45

Pro Asn Lys
60

Met Ala Ala

Ser Ala Cys

Glu Ser Thr
110

Leu Asn Phe
125

Leu Asp Met
140

Ser Gln Asp

acgagtctce
agaaaccagce
gtcaaagaaa
tttggctegy
tagctcteceg
tcceggaatce
ttcaagatga
tggtggagge
cgatgttggy
cgteggttea
gctattaaaa
cttttttaga

gttgttgtca

Asp Tyr

15

Arg Lys

Gln Arg

Lys Thr

Arg Ala
80

Leu Asn

95

Cys Ala

Gln Asp

Glu Glu

Ala Phe

60

120

180

240

300

360

420

480

540

600

660

720

780

803
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-continued

145 150 155 160
Tyr Met Asp Glu Glu Ala Met Leu Gly Met Ser Ser Leu Leu Asp Asn

165 170 175
Met Ala Glu Gly Met Leu Leu Pro Ser Pro Ser Val Gln Trp Asn Tyr

180 185 190
Asn Phe Asp Val Glu Gly Asp Asp Asp Val Ser Leu Trp Ser Tyr
195 200 205
<210> SEQ ID NO 193
<211> LENGTH: 850
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: CBF3
<400> SEQUENCE: 193
cctgaactag aacagaaaga gagagaaact attatttcag caaaccatac caacaaaaaa 60
gacagagatc ttttagttac cttatccagt ttcttgaaac agagtactct tctgatcaat 120
gaactcattt tctgcttttt ctgaaatgtt tggctccgat tacgagtctt cggtttecte 180
aggcggtgat tatattccga cgcttgegag cagetgccece aagaaaccgyg cgggtcgtaa 240
gaagtttegt gagactcgte acccaatata cagaggagtt cgtcggagaa actccggtaa 300
gtgggtttgt gaggttagag aaccaaacaa gaaaacaagg atttggctcg gaacatttca 360
aaccgctgag atggcagetce gagctcacga cgttgccget ttagecctte gtggecgate 420
agcctgtete aatttegetg actcggettg gagactcecga atcccggaat caacttgege 480
taaggacatc caaaaggcgg cggctgaage tgegttggeg tttcaggatyg agatgtgtga 540
tgcgacgacg gatcatggcet tcgacatgga ggagacgttyg gtggaggcta tttacacgge 600
ggaacagagc gaaaatgcgt tttatatgca cgatgaggcg atgtttgaga tgccgagttt 660
gttggctaat atggcagaag ggatgcetttt geccgetteeg tecgtacagt ggaatcataa 720
tcatgaagtc gacggcgatg atgacgacgt atcgttatgg agttattaaa actcagatta 780
ttatttccat ttttagtacg atacttttta ttttattatt atttttagat ccttttttag 840
aatggaatct 850
<210> SEQ ID NO 194
<211> LENGTH: 216
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: CBF3 polypeptide
<400> SEQUENCE: 194
Met Asn Ser Phe Ser Ala Phe Ser Glu Met Phe Gly Ser Asp Tyr Glu
1 5 10 15
Ser Ser Val Ser Ser Gly Gly Asp Tyr Ile Pro Thr Leu Ala Ser Ser
20 25 30
Cys Pro Lys Lys Pro Ala Gly Arg Lys Lys Phe Arg Glu Thr Arg His
35 40 45
Pro Ile Tyr Arg Gly Val Arg Arg Arg Asn Ser Gly Lys Trp Val Cys
50 55 60

Glu Val Arg Glu Pro Asn Lys Lys Thr Arg Ile Trp Leu Gly Thr Phe
65 70 75 80
Gln Thr Ala Glu Met Ala Ala Arg Ala His Asp Val Ala Ala Leu Ala

85 90 95
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400

Leu Arg Gly
Leu Arg Ile
115

Ala Glu Ala
130

Asp His Gly
145

Ala Glu Gln
Glu Met Pro
Leu Pro Ser

195
Asp Asp Val

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Arabidopsis

<220> FEATU

Arg Ser Ala Cys Leu

100

Pro Glu Ser Thr Cys

120

Ala Leu Ala Phe Gln

135

Phe Asp Met Glu Glu
150

Ser Glu Asn Ala Phe

165

Ser Leu Leu Ala Asn

180

Val Gln Trp Asn His

200

Ser Leu Trp Ser Tyr

D NO 195
H: 929
DNA

RE:

215

<223> OTHER INFORMATION: CBF1

<400> SEQUE:

cttgaaaaag

agacagatat

acttaaacct

tttttetgaa

ggccacgagt

aatttacaga

aaacaagaaa

tcacgacgte

ggcttggegg

tgaagcggcg

ggacatggag

ttatatggat

catgctttta

tgacgtgteg

tgaaaatatt

gtagaaacga

<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 195

aatctacctg

actatctttt

tatccagttt

atgtttgget

tgtccgaaga

ggagttcgte

accaggattt

getgcattag

ctacgaatcc

ttggetttte

gagacgatgg

gaggagacaa

cegecgeagt

ctttggagtt

ctagtteett
gtggaaaata

D NO 196

H: 213
PRT

aaaagaaaaa

attaatccaa

cttgaaacag

ccgattacga

aaccggcggyg

aaagaaactc

ggctcgggac

cecteegtygy

cggagtcaac

aagatgagac

tggaagctat

tgtttgggat

ctgttcaatg

actaatattc

tttttagaat

attcaatac

Asn

105

Ala

Asp

Thr

Tyr

Met

185

Asn

Phe

Lys

Glu

Leu

Met

170

Ala

His

thaliana

Ala

Asp

Met

Val

155

His

Glu

Glu

aaagagagag

aaagactgag

agtactctga

gectcaagge

ccgtaagaag

cggtaagtgg

tttccaaacc

ccgatcagea

atgcgccaag

gtgtgatacyg

ttatacaccyg

gecgacttty

gaatcataat

gatagtcgtt

ggttccttea

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: CBF1 polypeptide

<400> SEQUE:

NCE: 196

Asp Ser Ala
110

Ile Gln Lys
125

Cys Asp Ala
140

Glu Ala Ile

Asp Glu Ala

Gly Met Leu

190

Val Asp Gly
205

agatataaat
aactctagta
tcaatgaact
ggagattatt
tttcegtgaga
gtttctgaag
gctgagatgg
tgtctcaact
gatatccaaa
acgaccacga
gaacagagcg
ttggataata
tatgacggeyg
tccattttty

ttttatttta

Trp Arg

Ala Ala

Thr Thr

Tyr Thr

160

Met Phe
175

Leu Pro

Asp Asp

agctttacca
actacgtact
cattttcage
gtcegacgtt
ctcgteacce
tgagagagcc
cagctegtge
tcgetgacte
aagcggetge
atcatggect
aaggtgcgtt
tggctgaagyg
aaggagatgg
tactatagtt

ttttattgtt

Met Asn Ser Phe Ser Ala Phe Ser Glu Met Phe Gly Ser Asp Tyr Glu

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

929



401

US 9,447,

-contin

425 B2

ued

402

Pro Gln Gly
Lys Pro Ala
35

Arg Gly Val
50

Glu Pro Asn
65

Glu Met Ala

Arg Ser Ala

Pro Glu Ser

115

Ala Leu Ala
130

Gly Leu Asp
145

Gln Ser Glu
Pro Thr Leu
Ser Val Gln

195
Ser Leu Trp

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Asp Tyr Cys Pro

Gly Arg Lys Lys Phe

40

Arg Gln Arg Asn Ser

55

Lys Lys Thr Arg Ile

70

Ala Arg Ala His Asp

Cys Leu Asn Phe Ala

100

Thr Cys Ala Lys Asp

120

Phe Gln Asp Glu Thr

135

Met Glu Glu Thr Met
150

Gly Ala Phe Tyr Met

165

Leu Asp Asn Met Ala

180

Trp Asn His Asn Tyr

Ser Tyr

D NO 197
H: 1146
DNA

200

<213> ORGANISM: Zea mays

<220> FEATU

RE:

<223> OTHER INFORMATION: G3656

<400> SEQUENCE: 197

ggcggtgaag

ccagcagacyg

ggtggcggag

ggecgtggeg

geggctcaac

ggagcacgcg

cgeggegtec

cggcatggtg

gcagetgegg

tgcgtggage

cgacgecgag

gacgacgtce

tcecgacegte

ctgectatee

tgcggcgagg

atggaggcgg

cagcegegge

atccgggage

gcggegegcey

ttcececegagy

cgcgaccegyg

atacggaaga

gtcecgeege

gtgcacgegg

gggcgcgtca

tgacaagcga

gttatcggtt

cccacgtacyg

tatccgtect

gttttgggta

agcaagcgge

ggcagtaccyg

cgcacaageg

cctacgacac

agatccecte

cegecgeage

aggccatcga

cgcaccacceyg

aggagcagca

agaacccgga

dcgagagegce

attcccaatc

tacgtacgta

cgacgacgac

cgttgtggat

Thr Leu Ala
25

Arg Glu Thr
Gly Lys Trp
Trp Leu Gly

75
Val Ala Ala
Asp Ser Ala
105

Ile Gln Lys

Cys Asp Thr

Val Glu Ala

155

Asp Glu Glu
170

Glu Gly Met
185

Asp Gly Glu

gatggeggeg
cggegtgege
cacgcgeecee
ggcegtgtte
gttcgggetg
cgeceggegge
ggtggggtee
cgagcgecat
ggaggaagag
tctgaacegt
agcagcagec
ccacgacgca
cgtacacgac
cggatggtcg

aagcacgagg

Thr Ser Cys
30

Arg His Pro
45

Val Ser Glu
60

Thr Phe Gln

Leu Ala Leu

Trp Arg Leu

110

Ala Ala Ala
125

Thr Thr Thr
140

Ile Tyr Thr

Thr Met Phe

Leu Leu Pro
190

Gly Asp Gly
205

cecgcagetygyg
atgcgcaagt
cgectecggt
tacctgeeceyg
geggatggeg
ggcggegget
cgegtggacy
aggcaccaca
gagcagaagc
gegecgagece
accgcaagge
gecatgecegtt
gatccagetg
gegggeggga

gcagcagcag

Pro Lys

Ile Tyr

Val Arg

Thr Ala
80

Arg Gly

Arg Ile

Glu Ala

Asn His

Pro Glu
160

Gly Met
175

Pro Pro

Asp Val

dggcggegea
ggggcaagtg

cctacgecac
gecegtegge
tggacgtggg
gcacgetgte
cgctecagac
accacctgee
cgcageggece
ccgagagete
gaggttcaac
gtegteteceg
accctgecge
gggagggegg

caggggeggce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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-continued
gtgcgeggge aggcaggcga agacggaggg aggcggcecac aagceggeggt ctttcecaaac 960
gtcaaaaagg acagctgtaa cagcgataag aaaaaacaag tcatcatcac cctcecgtctca 1020
ctactagttc tactactgtt cccgagagta gtagtaacga ttagcactcc actagcagta 1080
tgattattcg aatcggcctt gettgacage gattaaaaaa aaaaaaaaaa aaaaaaaaaa 1140
aaaaaa 1146
<210> SEQ ID NO 198
<211> LENGTH: 200
<212> TYPE: PRT
<213> ORGANISM: Zea mays
<220> FEATURE:
<223> OTHER INFORMATION: G3656 polypeptide
<400> SEQUENCE: 198
Met Glu Ala Glu Gln Ala Ala Met Ala Ala Pro Gln Leu Gly Ala Ala
1 5 10 15
His Gln Gln Thr Gln Pro Arg Arg Gln Tyr Arg Gly Val Arg Met Arg
20 25 30
Lys Trp Gly Lys Trp Val Ala Glu Ile Arg Glu Pro His Lys Arg Thr
35 40 45
Arg Pro Arg Leu Arg Ser Tyr Ala Thr Ala Val Ala Ala Ala Arg Ala
50 55 60
Tyr Asp Thr Ala Val Phe Tyr Leu Pro Gly Pro Ser Ala Arg Leu Asn
65 70 75 80
Phe Pro Glu Glu Ile Pro Ser Phe Gly Leu Ala Asp Gly Val Asp Val
85 90 95
Gly Glu His Ala Arg Asp Pro Ala Ala Ala Ala Ala Gly Gly Gly Gly
100 105 110
Gly Cys Thr Leu Ser Ala Ala Ser Ile Arg Lys Lys Ala Ile Glu Val
115 120 125
Gly Ser Arg Val Asp Ala Leu Gln Thr Gly Met Val Val Pro Pro Pro
130 135 140
His His Arg Glu Arg His Arg His His Asn His Leu Pro Gln Leu Arg
145 150 155 160
Val His Ala Glu Glu Gln Gln Glu Glu Glu Glu Gln Lys Pro Gln Arg
165 170 175
Pro Ala Trp Ser Gly Arg Val Lys Asn Pro Asp Leu Asn Arg Ala Pro
180 185 190
Ser Pro Glu Ser Ser Asp Ala Glu
195 200
<210> SEQ ID NO 199
<211> LENGTH: 831
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G12
<400> SEQUENCE: 199
gtgtcggtga attttttgaa acttcttete ttttgeggtt tegtgtteca ctectcetett 60
cttggeccac gtgttcatca atctctecct cegecatgtaa tegettegece gtcaatatca 120
catctttett cttcectttatc tttaaaatct ctttagatcg attcttttgt ggattcecttga 180
aatctccgga gaaaaccact atggagacgg cgactgaagt ggccacggtyg gtgtcaacte 240
cggceggttac ggttgeggceyg gtggcgacga ggaagagaga taagccgtat aaagggataa 300
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406

-continued
ggatgaggaa gtgggggaag tgggtggcgg agataagaga gcctaataaa aggtcaagga 360
tctggettgg ctettactet actcctgaag cggeggegeyg tgcttacgac acggeggtgt 420
tttatctceg aggtecttet getceggetta actteccgga gettttagece ggagtgacgg 480
tgacgggagg aggcggagga ggagtgaacg gtggtggaga tatgtceggeyg gcegtatataa 540
ggagaaaagc ggcggaggtt ggagcacaag tggatgegtt agaageggceyg ggggcgggag 600
ggaatcgtca tcatcatcat catcaacatc aacgtggtaa tcatgattac gtagataatc 660
atagtgatta tcgtattaat gatgatctta tggagtgtag tagtaaagaa gggtttaaga 720
ggtgtaatgyg atcgttggaa cgggttgatt taaacaaatt acccgatccg gaaacttcag 780
atgacgatta ggaaagcaaa aaatagaaac aaaaaaaaaa aaaaaaaaaa a 831
<210> SEQ ID NO 200
<211> LENGTH: 196
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: Gl12 polypeptide
<400> SEQUENCE: 200
Met Glu Thr Ala Thr Glu Val Ala Thr Val Val Ser Thr Pro Ala Val
1 5 10 15
Thr Val Ala Ala Val Ala Thr Arg Lys Arg Asp Lys Pro Tyr Lys Gly
20 25 30
Ile Arg Met Arg Lys Trp Gly Lys Trp Val Ala Glu Ile Arg Glu Pro
35 40 45
Asn Lys Arg Ser Arg Ile Trp Leu Gly Ser Tyr Ser Thr Pro Glu Ala
50 55 60
Ala Ala Arg Ala Tyr Asp Thr Ala Val Phe Tyr Leu Arg Gly Pro Ser
65 70 75 80
Ala Arg Leu Asn Phe Pro Glu Leu Leu Ala Gly Val Thr Val Thr Gly
85 90 95
Gly Gly Gly Gly Gly Val Asn Gly Gly Gly Asp Met Ser Ala Ala Tyr
100 105 110
Ile Arg Arg Lys Ala Ala Glu Val Gly Ala Gln Val Asp Ala Leu Glu
115 120 125
Ala Ala Gly Ala Gly Gly Asn Arg His His His His His Gln His Gln
130 135 140
Arg Gly Asn His Asp Tyr Val Asp Asn His Ser Asp Tyr Arg Ile Asn
145 150 155 160
Asp Asp Leu Met Glu Cys Ser Ser Lys Glu Gly Phe Lys Arg Cys Asn
165 170 175
Gly Ser Leu Glu Arg Val Asp Leu Asn Lys Leu Pro Asp Pro Glu Thr
180 185 190
Ser Asp Asp Asp
195
<210> SEQ ID NO 201
<211> LENGTH: 957
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G24
<400> SEQUENCE: 201
cggacgegtyg ggcaaatatt aaaataaaaa gtgtcggtga attctcaatce tttgtcttet 60
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-continued
ttegtegtet ctttaaaact cctccegtecce tecttattat gtaaccgtet cgccgtcaaa 120
ttttcaaaat ctctccctec gttcataaac ccagatcgaa atttatggtt ttgtaatttt 180
tttaccggeg gttatggaga cggaagegge ggtgacageyg acggttacgyg cggcgacgat 240
ggggattggyg acgaggaaga gagatctgaa accgtataaa ggaatacgaa tgaggaaatg 300
ggggaaatgyg gtggcggaga tacgggaacc gaataagaga tcaaggatct ggttaggttce 360
ttatgcgacyg cctgaagegg cggcgagage ttacgacact getgtttttt acctecgtgg 420
tcettecageg aggcettaatt ttccggaget tttggetgga cttactgttt ctaacggcegg 480
aggaagaggt ggtgatttat cggcggegta tattaggaga aaagcggcegyg aggttggtge 540
tcaggttgat gcgettggag cgacggtggt tgtgaatacce ggcggcgaga atcgeggtga 600
ttacgagaag attgagaatt gtcgtaagag cggtaacggg tcattggaac gggtcgattt 660
gaataaatta cccgacccgg aaaattcgga tggtgatgat gacgaatgtg tgaaaagaag 720
atagaaaaaa taaaaagtag ttgtagaagg agagacgaga atgtttgtct ttaagatgcg 780
ctgttgccge taacatgcge tttcgatttt agtgttaaac atgcgectcecce attgtttttg 840
ggttttgttt tcgtcgtcga taatcaaaga ttttaaaaca caattctcaa atttttcact 900
tgttacaaac tagatttgca tgatctttgt attaacgaat aacgattaag tcctaaa 957
<210> SEQ ID NO 202
<211> LENGTH: 176
<212> TYPE: PRT
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G24 polypeptide
<400> SEQUENCE: 202
Met Glu Thr Glu Ala Ala Val Thr Ala Thr Val Thr Ala Ala Thr Met
1 5 10 15
Gly Ile Gly Thr Arg Lys Arg Asp Leu Lys Pro Tyr Lys Gly Ile Arg
20 25 30
Met Arg Lys Trp Gly Lys Trp Val Ala Glu Ile Arg Glu Pro Asn Lys
35 40 45
Arg Ser Arg Ile Trp Leu Gly Ser Tyr Ala Thr Pro Glu Ala Ala Ala
50 55 60
Arg Ala Tyr Asp Thr Ala Val Phe Tyr Leu Arg Gly Pro Ser Ala Arg
65 70 75 80
Leu Asn Phe Pro Glu Leu Leu Ala Gly Leu Thr Val Ser Asn Gly Gly
85 90 95
Gly Arg Gly Gly Asp Leu Ser Ala Ala Tyr Ile Arg Arg Lys Ala Ala
100 105 110
Glu Val Gly Ala Gln Val Asp Ala Leu Gly Ala Thr Val Val Val Asn
115 120 125
Thr Gly Gly Glu Asn Arg Gly Asp Tyr Glu Lys Ile Glu Asn Cys Arg
130 135 140
Lys Ser Gly Asn Gly Ser Leu Glu Arg Val Asp Leu Asn Lys Leu Pro
145 150 155 160
Asp Pro Glu Asn Ser Asp Gly Asp Asp Asp Glu Cys Val Lys Arg Arg
165 170 175

<210> SEQ ID NO 203

<211> LENGTH: 911

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
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409 410

-continued

<223> OTHER INFORMATION: G1277

<400> SEQUENCE: 203

attctaaagt cctectcectceg gaaagtaaga gactcaactt ccgagccgece atggacgccg 60
gagtagcagt aaaagctgac gtggcagtca aaatgaagag agaaagacca ttcaaaggga 120
tcagaatgag aaaatggggg aaatgggttyg cggagattcg agaacccaac aagcgttcaa 180
gactttgget cggcetettac tctactcceg aageggegge gegtgcatac gacacggetg 240
tcttttacct cagaggacca actgctacge tcaacttcece ggagettetyg ccegtgtacct 300
cecgecgagga tatgtcageg gcaacgatca ggaaaaagge gacggaggtyg ggagcetcaag 360
tagatgcgat aggggcgacg gtggtgcaga acaacaaacyg ccgecgcegtt tttagtcaaa 420
agcgtgactt tggeggeggg ttattagage ttgttgactt gaacaagtta cctgacccgg 480
aaaatctcga tgatgatttg gtgggaaaat agactgaaaa ataataataa aatatcttac 540
aatggtggcet gtagctatcg tacgcggaat gettgggett gtgttatatg actacgtggt 600
tacggaaaga ttcctetgtt tcgtcattgt attaaaattt aatcccacaa gtcaaacata 660
ctgtacatta ttcttaattt agtattttct tattaatatc tatcatttgt ttggtgaaca 720
ccagaatatt agactattaa tgtaacgagt ttttaatatt tcgatcataa taacaccaag 780
ctagttaaag gttaatatct tgttacgaag tcttgagtaa gttcaattgt catatatatg 840
taacggaaga ggttcgttcg ggtcccaagt gaagtggatce aaaggtgact tcacataaaa 900
aataaaaaaa a 911

<210> SEQ ID NO 204

<211> LENGTH: 153

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1277 polypeptide

<400> SEQUENCE: 204

Met Asp Ala Gly Val Ala Val Lys Ala Asp Val Ala Val Lys Met Lys
1 5 10 15

Arg Glu Arg Pro Phe Lys Gly Ile Arg Met Arg Lys Trp Gly Lys Trp
20 25 30

Val Ala Glu Ile Arg Glu Pro Asn Lys Arg Ser Arg Leu Trp Leu Gly
35 40 45

Ser Tyr Ser Thr Pro Glu Ala Ala Ala Arg Ala Tyr Asp Thr Ala Val
50 55 60

Phe Tyr Leu Arg Gly Pro Thr Ala Thr Leu Asn Phe Pro Glu Leu Leu
65 70 75 80

Pro Cys Thr Ser Ala Glu Asp Met Ser Ala Ala Thr Ile Arg Lys Lys
85 90 95

Ala Thr Glu Val Gly Ala Gln Val Asp Ala Ile Gly Ala Thr Val Val
100 105 110

Gln Asn Asn Lys Arg Arg Arg Val Phe Ser Gln Lys Arg Asp Phe Gly
115 120 125

Gly Gly Leu Leu Glu Leu Val Asp Leu Asn Lys Leu Pro Asp Pro Glu
130 135 140

Asn Leu Asp Asp Asp Leu Val Gly Lys
145 150

<210> SEQ ID NO 205
<211> LENGTH: 839
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411

-continued

412

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1379

<400> SEQUENCE: 205

ctctgectet ctetetetet caaaacccat ctegaaagte tttetettte gagggtttag
atcctecatg gaaggeggeg gagttgetga cgtggetgte cecggtacga ggaagagaga
cagaccttac aaaggaatta ggatgaggaa gtggggaaag tgggtggegg agattcegtga
gectaacaag cgctctaggt tatggettgyg ctettactet actcccgagyg cggeggegeg
agcttacgac acggceggttt tctatcttag aggacctacg gegaggcetta acttccctga
gettettect ggggagaaat tctecgacga ggatatgteg getgegacca tcaggaagaa
agccacggag gteggtgete aggttgatge tttgggecacg geggtgcaaa ataaccgceca
cegtgttttt ggtcagaate gagatagtga tgtggataat aagaatttte atcggaatta
tcaaaacggt gaacgagaag aagaagaaga agatgaggat gacaagagat tgaggagtgg
cggecggtta ttggatceggg ttgacttgaa taaattacce gacccggaaa gctccgatga
agaatgggaa agcaaacatt aaaaatatat agtttggagce ggtggetgtt gctaacgtac
gccaacgget tgcttcetacg aatcattage gecogtttatg attttttttt tttttttttt
cattatctga aaatttaggg ctttttagtt attaattttt gttttgtttt tttcctttet
tgcgagtttt geggtttatg gaattttagg ctattgctta acgaaaaaaa aaaaaaaaa
<210> SEQ ID NO 206

<211> LENGTH: 184

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: G1379 polypeptide

<400> SEQUENCE: 206

Met Glu Gly Gly Gly Val Ala Asp Val Ala Val Pro Gly Thr Arg Lys
1 5 10 15

Arg Asp Arg Pro Tyr Lys Gly Ile Arg Met Arg Lys Trp Gly Lys Trp
20 25 30

Val Ala Glu Ile Arg Glu Pro Asn Lys Arg Ser Arg Leu Trp Leu Gly
35 40 45

Ser Tyr Ser Thr Pro Glu Ala Ala Ala Arg Ala Tyr Asp Thr Ala Val
50 55 60

Phe Tyr Leu Arg Gly Pro Thr Ala Arg Leu Asn Phe Pro Glu Leu Leu
65 70 75 80

Pro Gly Glu Lys Phe Ser Asp Glu Asp Met Ser Ala Ala Thr Ile Arg
85 90 95

Lys Lys Ala Thr Glu Val Gly Ala Gln Val Asp Ala Leu Gly Thr Ala
100 105 110

Val Gln Asn Asn Arg His Arg Val Phe Gly Gln Asn Arg Asp Ser Asp
115 120 125

Val Asp Asn Lys Asn Phe His Arg Asn Tyr Gln Asn Gly Glu Arg Glu
130 135 140

Glu Glu Glu Glu Asp Glu Asp Asp Lys Arg Leu Arg Ser Gly Gly Arg
145 150 155 160

Leu Leu Asp Arg Val Asp Leu Asn Lys Leu Pro Asp Pro Glu Ser Ser
165 170 175

Asp Glu Glu Trp Glu Ser Lys His

60

120

180

240

300

360

420

480

540

600

660

720

780

839
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414

-continued

180
<210> SEQ ID NO 207
<211> LENGTH: 1281
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: G867
<400> SEQUENCE: 207
cacaacacaa acacatttct gttttctcca ttgtttcaaa ccataaaaaa aaacacagat 60
taaatggaat cgagtagcgt tgatgagagt actacaagta caggttccat ctgtgaaacc 120
ccggegataa ctcecggegaa aaagtcegtceg gtaggtaact tatacaggat gggaagcgga 180
tcaagegttyg tgttagattc agagaacggce gtagaagctyg aatctaggaa gcttecgtceg 240
tcaaaataca aaggtgtggt gccacaacca aacggaagat ggggagctca gatttacgag 300
aaacaccagce gcgtgtgget cgggacattce aacgaagaag acgaagccge tcgtgectac 360
gacgtcgegy ttcacaggtt ccgtegeegt gacgccegtca caaatttcaa agacgtgaag 420
atggacgaag acgaggtcga tttcttgaat tctcattcga aatctgagat cgttgatatg 480
ttgaggaaac atacttataa cgaagagtta gagcagagta aacggcgtcyg taatggtaac 540
ggaaacatga ctaggacgtt gttaacgtcg gggttgagta atgatggtgt ttctacgacg 600
gggtttagat cggcggagge actgtttgag aaagcggtaa cgccaagcga cgttgggaag 660
ctaaaccgtt tggttatacc gaaacatcac gcagagaaac attttccgtt accgtcaagt 720
aacgtttceg tgaaaggagt gttgttgaac tttgaggacyg ttaacgggaa agtgtggagg 780
ttecegttact cgtattggaa cagtagtcag agttatgttt tgactaaagyg ttggagcagg 840
ttegttaagg agaagaatct acgtgetggt gacgtggtta gtttcagtag atctaacggt 900
caggatcaac agttgtacat tgggtggaag tcgagatceg ggtcagattt agatgegggt 960
cgggttttga gattgttcgg agttaacatt tcaccggaga gttcaagaaa cgacgtcgta 1020
ggaaacaaaa gagtgaacga tactgagatg ttatcgttgg tgtgtagcaa gaagcaacgc 1080
atctttcacg cctcecgtaaca actcttette ttttttttte ttttgttgtt ttaataattt 1140
ttaaaaactc cattttcgtt ttectttattt gcatcggttt ctttecttctt gtttaccaaa 1200
ggttcatgag ttgtttttgt tgtattgatg aactgtaaat tttatttata ggataaattt 1260
taaaaaaaaa aaaaaaaaaa a 1281

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 208
H: 344
PRT

<213> ORGANISM: Arabidopsis thaliana

<220> FEATU

RE:

<223> OTHER INFORMATION: G867 polypeptide

<400> SEQUENCE: 208

Met Glu Ser
1

Cys Glu Thr
Leu Tyr Arg
35

Gly Val Glu
50

Val Val Pro

Ser Ser Val Asp Glu

5

Pro Ala Ile Thr Pro

20

Met Gly Ser Gly Ser

40

Ala Glu Ser Arg Lys

55

Gln Pro Asn Gly Arg

Ser Thr Thr
10

Ala Lys Lys
25
Ser Val Val

Leu Pro Ser

Trp Gly Ala

Ser Thr Gly

Ser Ser Val
30

Leu Asp Ser
45

Ser Lys Tyr
60

Gln Ile Tyr

Ser Ile

15

Gly Asn

Glu Asn

Lys Gly

Glu Lys
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-continued

65 70 75 80

His Gln Arg Val Trp Leu Gly Thr Phe Asn Glu Glu Asp Glu Ala Ala
85 90 95

Arg Ala Tyr Asp Val Ala Val His Arg Phe Arg Arg Arg Asp Ala Val
100 105 110

Thr Asn Phe Lys Asp Val Lys Met Asp Glu Asp Glu Val Asp Phe Leu
115 120 125

Asn Ser His Ser Lys Ser Glu Ile Val Asp Met Leu Arg Lys His Thr
130 135 140

Tyr Asn Glu Glu Leu Glu Gln Ser Lys Arg Arg Arg Asn Gly Asn Gly
145 150 155 160

Asn Met Thr Arg Thr Leu Leu Thr Ser Gly Leu Ser Asn Asp Gly Val
165 170 175

Ser Thr Thr Gly Phe Arg Ser Ala Glu Ala Leu Phe Glu Lys Ala Val
180 185 190

Thr Pro Ser Asp Val Gly Lys Leu Asn Arg Leu Val Ile Pro Lys His
195 200 205

His Ala Glu Lys His Phe Pro Leu Pro Ser Ser Asn Val Ser Val Lys
210 215 220

Gly Val Leu Leu Asn Phe Glu Asp Val Asn Gly Lys Val Trp Arg Phe
225 230 235 240

Arg Tyr Ser Tyr Trp Asn Ser Ser Gln Ser Tyr Val Leu Thr Lys Gly
245 250 255

Trp Ser Arg Phe Val Lys Glu Lys Asn Leu Arg Ala Gly Asp Val Val
260 265 270

Ser Phe Ser Arg Ser Asn Gly Gln Asp Gln Gln Leu Tyr Ile Gly Trp
275 280 285

Lys Ser Arg Ser Gly Ser Asp Leu Asp Ala Gly Arg Val Leu Arg Leu
290 295 300

Phe Gly Val Asn Ile Ser Pro Glu Ser Ser Arg Asn Asp Val Val Gly
305 310 315 320

Asn Lys Arg Val Asn Asp Thr Glu Met Leu Ser Leu Val Cys Ser Lys
325 330 335

Lys Gln Arg Ile Phe His Ala Ser
340

<210> SEQ ID NO 209

<211> LENGTH: 574

<212> TYPE: DNA

<213> ORGANISM: Cauliflower mosaic virus

<220> FEATURE:

<223> OTHER INFORMATION: CaMV 35S constitutive promoter

<400> SEQUENCE: 209

geggattceca ttgcccaget atctgtcact ttattgtgaa gatagtgaaa aagaaggtgg 60
ctcctacaaa tgccatcatt gegataaagg aaaggccatce gttgaagatg cctcetgecga 120
cagtggtcce aaagatggac ccccacccac gaggageatce gtggaaaaag aagacgttcece 180
aaccacgtct tcaaagcaag tggattgatg tgatggtceg attgagactt ttcaacaaag 240
ggtaatatcc ggaaacctcec teggattcca ttgcccaget atctgtcact ttattgtgaa 300
gatagtggaa aaggaaggtg gctcctacaa atgccatcat tgcgataaag gaaaggecat 360
cgttgaagat gectetgecg acagtggtece caaagatgga cccccaccca cgaggagceat 420

cgtggaaaaa gaagacgttce caaccacgte ttcaaagcaa gtggattgat gtgatatcte 480
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418

cactgacgta agggatgacg cacaatccca ctatectteg caagaccett cctctatata

aggaagttca tttcatttgg agaggacacg ctga

<210> SEQ ID NO 210
<211> LENGTH: 4361

<212> TYPE:

DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: STM (Shoot Meristemless

specific promoter

<400> SEQUENCE: 210

agaatgtagc

gtataatttg

catggtattg

aaggtactga

agtatagaga

agagagagaa

tcttattttt

attatatget

tttagaactt

aaaattctac

tggtgggctt

gtttgataat

atataagaac

tctaagaatt

atctaacctt

caatataatc

ataaaacaca

aaagttcagg

ctattattac

gtataaacta

atagactatt

agctgtttac

agttttatat

ttaaccaaat

gaaaaatgaa

caaaagaata

actgcaaaac

tacatccaaa

tttcagatta

tgatatatat

atcgcataaa

cagcgcaatt

aatacaaata

ataaatattc

agtcttctat

aaaaaataga

gagattagce

gacattcgga

aattaaatat

ctgacttgga

tttctttegt

gtattacagce

ttagcaaatg

ttceeeeetet

caaatcttaa

atattaagag

cttaattatt

catgttctaa

attttatttt

tttattacat

aatcacaata

tgaacattta

tggttcttaa

atttttagat

gttattaact

aagaaaagta

aaaggtttag

aaattgtatt

tgaagaaata

atggettttt

tttgtectac

ttaaatagtg

tcattaatca

aaaaataaca

tatgacggta

actttgtgtt

atgcgagaga

caaaactttt

ctactgttta

ctgtcececac

tacaactaaa

ctaaataaaa

agaagtgata

ataagttacc

ttcttaacaa

taagagtgta

ctattttacc

ccaatataga

tctgtgtgaa

aaagaacaat

ttacagctta

taggtttgac

gtagacaaaa

aagtgagatt

atgagagacc

ataaaatcat

tatcataaga

aaattgtatt

gtaatacaat

getttggtaa

agtttgttta

agtaatgatg

tattatagag

tgatatatat

tattgtcgaa

actagagata

ccgttateca

tegtegttty

atcagattcc

ttttaaatta

agagggagag

ttgcttttet

agaagaaacc

cttgcaagta

aatgattgecc

tcectttattt

taattttata

ttttgtttat

aattaaacat

tgcttttaaa

tattttctaa

taacataata

taatgtttta

ttgtaatcat

tttaggatat

tttcaaaata

cccgaaaaaa

attctttata

tatgcgtgag

ttgctttget

taagtaaatc

aagttgatcc

gtagaattgce

tcttttcata

atatacgttce

ataagttttg

aacagtataa

attgacaaaa

tcaccattat

cttaataaac

cgctgggata

tataagctat

agtagggtca

gtagaataac

aacttttaaa

acagtttcaa

ctagacctga

gactattaga

atttatttta

taaaatgtgt

taaatttaaa

accattggtt

attttcattt

tttacaaacc

aagttcaggt

catttatcac

atatatatat

atatataaat

tcttttetet

gtttagaata

gttggccaaa

aaaaatgtaa

ctacaatttt

aactaatata

ttteggttat

ctctttecaa

gttttcaata

caagtgcatc

taacttctta

cattgattaa

atgtatatat

agctcattte

acaaaagaac

aaaagaaaag

ttagggettt

attatttaaa

ataaatgcag

gtecttttgt

tagattctet

ccatccatat

atgttaagag

tttgtttctt

ttttaatatc

gaataaataa

taatttagca

taaaaagatt

ttatttttta

aacgatcaaa

atataattat

tcaaatagaa

tttctcatca

tgaattaaat

aactcatcaa

atatttcatt

ggttccatgg

ttcagtagaa

gtaatgaata

tcecctactac

atatgaaaag

acttcccaaa

aacgaaaacg

tatttaccta

540

574

shoot apical meristem-

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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taagttaatt attgtattta aaatttattt aaagttcata aggaaaacat atgcaaaaat 1980
atttatatct aatattttgc tatgttatce tttttttttt ttacgttatc ctaattttgt 2040
ttatcctaat ttgttgtggt taaaatctta ttattgataa aaagagaact tttttttttg 2100
tcatcataaa aaagagaact tattacttcg attttaaaat tctatgagcg taggagacaa 2160
agaaaaaaaa aataaaaaaa aaaagaagag aaaaatcact tcttttctte tttttagtcc 2220
agatccaaca tattttggat aactaaatga agatttttta aaaaaatata ttttagggta 2280
tatataaatc ataatttgaa gcaaatgaaa taaaatccag tttggtaata tataaatatg 2340
atttgatggg ttccttgtaa tectctcectcta tctattagtt tcectcagttat cttttetttg 2400
ccagaaatgg cagtgaaggc agtggctgag gagagagttt tttttcttet ttcatgggga 2460
aagtaaaact ttgccttgaa gatttctcte ttcaatattt ttctaagact tttgatttca 2520
acgaatcact gtccttaacc taaaagcaag aaaaattagc tttatactgg tcectttacttt 2580
tttttaacat atttattttt atatagttta cttataaaca tagacatacg agtatgggaa 2640
tatatagtat atccaacttc taaataatat ttcgaatagt gataacaaaa ttagcaatac 2700
atacggctag tgaaatgttg atcgaataaa cggcactgat gtaatgtact tatcaatttt 2760
gataatttta attgtattgt ttttcttttt ttcccacagt attgaactag acaattaaat 2820
ttaaagtaaa attatacatt tctttcgttg tgtattaaag taacatgcat aatatcattt 2880
tcettegtac aatcctccaa attgacaatt gatgaattac tttgtcaatce gtaaatgaat 2940
ttttctcaag tectgtatact attttcaggg ataaacaggt acaggtgtcce catgcttatt 3000
ctcttgatag taacatgtgt cctatgttga gtcaattcta cgttcgaaga agtgctaaca 3060
attgttaata gcctcgtata ttattctaat taaaatgcect cgatagattt ggttagtggt 3120
ctgaatgtga ttggttattt tttcaagtgg caagaggtct accatctaat attacaatca 3180
atcgaccaaa aaggtcgaga acatgataat ggtggcaaat acaaatggtt cattgttgtc 3240
taatataaca agccatcagt tgtcactttt taaaaacaat acagaataca agatactttt 3300
tttttaaggt aaaatgtgtg tttaatattt tcgtttatat aacaaataaa cagttacatg 3360
ttttactcta tgattatatt tatgacattt ttcttcttet taacaacatt tttttceccat 3420
aagaacattt acaatagtat taaaactttg attgcaatca aatgttagat cacttattat 3480
aaaattacta agactgctat cttttcecctat tgacaaaagc gaatccaata tatgttactg 3540
aaacaaatgc gtaaattata ctatatggag atctatcggt taattattga gagaatctaa 3600
gaaagttttt gagtacaaca gtcctaataa tatcttcaca taccatataa tatacatata 3660
tacatataca caaatgtact ttttaaacca acatcagcat acgtatatcc catcaggaaa 3720
cttagacttt tgggaattca tggtatgaaa accaaaacca aatgacaaca ttcgatttga 3780
tactccecgac ccatggtaaa gaaataacaa attccaatat atctttcact ggacttteccg 3840
aggcacattc cggttttctce catttcaaga aattgtcaaa aataaattga gatccggttt 3900
attacctcaa aaaagaagaa gagaaattac aacattaatt tccgaaaagg cataaatgag 3960
aaatcatatt tcagcagaag aacacaaaag agttaagaac ccacagatca cacaacctct 4020
gtccatgtet getttttaca cttttttaaa ataagtttct cctaaaaagt tatttcctat 4080
ttataataat ttccttagat ttatcttcct ggtcectctett ctgctgcectte cctecteccce 4140
ataactatca ctatttagaa ttttcaatgt ggaaaaggaa gctgattgtt gaagcataaa 4200
tceccgggaga ccacttttge attttcaaat aattaaatta aaccatagat acacacacac 4260
agttacttac tcttttaggg tttcccaata aatttatagt actttaatgt gtttcatgat 4320
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attgatgata aatgctagct gtatttacaa tgggggetee t

<210> SEQ ID NO 211
<211> LENGTH: 1176

<212> TYPE:

DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: CUTL
epidermal-specific promoter

<400> SEQUENCE: 211

tgtgaattat

cattaattge

tttaaacccyg

tacatgggtyg

tgggtataaa

gtaccagaca

ataaatatta

gtatatgtge

taaacaaatt

ttacctatca

gatattgaac

ttactgctat

tgacaagtac

gcaacgtgaa

taaaagctga

aatatgaaat

ttgtctagtt

ataaaaaaat

tcttcattaa

ctctcetecatce

attttactct

gaatgtaaat

aatatatatg

ataggtccaa

cgtacattta

gagttaaggce

aattgatgca

tatatgaatc

ccaacaaaat

tattacttgt

tattaaaaat

gataacgacc

taagtattta

cgtgatcatce

cacgtettge

ttttatatcg

acaactggaa

gacaaaaaat

ctcctceteat

ttcattaact

<210> SEQ ID NO 212
<211> LENGTH: 1183

<212> TYPE:

DNA

tcgatategyg

aacaaaacat

tatacctata

actcacaagt

atttacacgt

aaacaagaga

atatttaggg

gtttcgcaty

caagtttttyg

aatatcattc

cttgtaaatt

atttttgttet

tatccacctt

aaatcaaagt

tgtttcttaa

aaagggaaca

atcgaagaga

taaatagaga

ctacccectte

catcttcaaa

ttgttgacga

gtaactcttyg

atttctetga

aaaagtttac

aagaaaggat

aacatataga

atggacacaa

ggtactaaaa

ctaaaactag

gtatgttaac

tgacacaaac

ttgagaacca

tagtcacagt

agttaccaaa

tttatttctc

gtcettatca

agtattacaa

gcaaagcaag

ctectgttege

aatacc

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: LTP1

specific promoter

<400> SEQUENCE: 212

gatatgacca

gtttttgttt

atgataaaag

ccaaatgtaa

agttttaaat

acacacagtt

gttcaaataa

aaatgattaa

gatatcggga

tcagatatct

gttatttact

ctttatcatt

tttaaaataa

ttttataaca

cttgcattac

atctcaaaac

actaatacta

ttttetttge

atatccaaac

attaattacc

ggaaataaaa

agttgggaag

caaagtccac

gttgatcagt

tattataatt

aatcataatc

ctttgcatga

tagataaccg

ttaaccatge

tagatataca

ttttcacget

gtacagtgaa

taccaattct

gttttgatat

ggtaatatat

ttatttgtce

tttatttgeg

gggtaaacca

taatgaatat

taatataaat

accaatattg

cgctttgate

ttacaacgac

tttgctceca

aaacattttt

agcgttgggt

ctttatatcce

(Lipid Transfer Protein 1)

tatcaagtaa

actagttttt

atattcgaaa

aagatcaata

ttattgttaa

taccgaagag

aaataaacga

(Cuticular Wax Condensing Enzymel

aaaaaagaaa

tgtatcgaca

acctgecacy

ttcgtctttt

ttcatttatg

gttttettgg

gecttttaag

ttactttata

ggttatttaa

aaccaaaccg

ctaaattatg

tacaggtacg

cgectacegy

tcgataaaac

aattttgaga

tcacttgett

ctegteattt

gacgttggte

ttcaccttce

acaacatttt

ggactatata

acatgacttt

aaaatgtcta

tctctecatca

aaacgaattc

tagaatgatt

epidermal-

4361

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1176

60

120

180

240

300

360

420
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tcttagtact aactcttaac aacagtttta tttaaatgac ttttgtaaaa aaaacaaagt 480
taacttatac acgtacacgt gtcgaaaata ttattgacaa tggatagcat gattcttatt 540
agagtcatgt aaaagataaa cacatgcaaa tatatatatg aataatatgt tgttaagata 600
aactagacga ttagaatata tagcacatct atagtttgta aaataactat ttctcaacta 660
gacttaagtc ttcgaaatac ataaataaac aaaactataa aaattcagaa aaaaacatga 720
gagtacgtta gtaaaatgta tttttttggt aaaataatca cttttcatca ggtcttttgt 780
aaagcagttt tcatgttaga taaacgagat tttaattttt tttaaaaaaa gaagtaaact 840
aactatgttc ctatctacac acctataatt ttgaacaatt acaaaacaac aatgaaatgce 900
aaagaagacg tagggcactg tcacactaca atacgattaa taaatgtatt ttggtcgaat 960

taataacttt ccatacgata aagttgaatt aacatgtcaa acaaaagaga tgagtggtcc 1020

tatacatagt taggaattag gaacctctaa attaaatgag tacaaccacc aactactcct 1080

tcectetata atctatcgca ttcacaccac ataacatata cgtacctact ctatataaca 1140

ctcactccecce aaactctett catcatccat cactacacac atc 1183

<210> SEQ ID NO 213

<211> LENGTH: 2244

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: SUC2 (Sucrose-proton Symporter) vascular-
specific promoter

<400> SEQUENCE: 213

aactaggggt gcataatgat ggaacaaagc acaaatcttt taacgcaaac taactacaac 60

cttettttgg ggtccccate cccgacecta atgttttgga attaataaaa ctacaatcac 120

ttaccaaaaa ataaaagttc aaggccacta taatttctca tatgaaccta catttataaa 180

taaaatctgg tttcatatta atttcacaca ccaagttact ttctattatt aactgttata 240

atggaccatg aaatcatttg catatgaact gcaatgatac ataatccact ttgttttgtg 300

ggagacattt accagatttc ggtaaattgg tattcccccect tttatgtgat tggtcattga 360

tcattgttag tggccagaca tttgaactce cgtttttttg tctataagaa ttcggaaaca 420

tatagtatce tttgaaaacg gagaaacaaa taacaatgtyg gacaaactag atataattte 480

aacacaagac tatgggaatg attttaccca ctaattataa tccgatcaca aggtttcaac 540

gaactagttt tccagatatc aaccaaattt actttggaat taaactaact taaaactaat 600

tggttgttcg taaatggtge tttttttttt tgcggatgtt agtaaagggt tttatgtatt 660

ttatattatt agttatctgt tttcagtgtt atgttgtctc atccataaag tttatatgtt 720

ttttctttge tctataactt atatatatat atgagtttac agttatattt atacatttca 780

gatacttgat cggcattttt tttggtaaaa aatatatgca tgaaaaactc aagtgtttct 840

tttttaagga atttttaaat ggtgattata tgaatataat catatgtata tccgtatata 900

tatgtagcca gatagttaat tatttggggg atatttgaat tattaatgtt ataatattct 960

ttecttttgac tcgtctggtt aaattaaaga acaaaaaaaa cacatacttt tactgtttta 1020

aaaggttaaa ttaacataat ttattgatta caagtgtcaa gtccatgaca ttgcatgtag 1080

gttcgagact tcagagataa cggaagagat cgataattgt gatcgtaaca tccagatatg 1140

tatgtttaat tttcatttag atgtggatca gagaagataa gtcaaactgt cttcataatt 1200

taagacaacc tcttttaata ttttcccaaa acatgtttta tgtaactact ttgcttatgt 1260



US 9,447,425 B2
425

-continued

426

gattgcctga ggatactatt attctctgtce tttattctet tcacaccaca tttaaatagt 1320

ttaagagcat agaaattaat tattttcaaa aaggtgatta tatgcatgca aaatagcaca 1380

ccatttatgt ttatattttc aaattattta atacatttca atatttcata agtgtgattt 1440

tttttttttt tgtcaatttc ataagtgtga tttgtcattt gtattaaaca attgtatcgc 1500

gcagtacaaa taaacagtgg gagaggtgaa aatgcagtta taaaactgtc caataattta 1560

ctaacacatt taaatatcta aaaagagtgt ttcaaaaaaa attcttttga aataagaaaa 1620

gtgatagata tttttacgct ttcgtctgaa aataaaacaa taatagttta ttagaaaaat 1680

gttatcaccg aaaattattc tagtgccact cgctcggatc gaaattcgaa agttatattce 1740

tttctettta cctaatataa aaatcacaag aaaaatcaat ccgaatatat ctatcaacat 1800

agtatatgcce cttacatatt gtttctgact tttcectctatc cgaatttcte gettcatggt 1860

ttttttttaa catattctca tttaattttc attactatta tataactaaa agatggaaat 1920

aaaataaagt gtctttgaga atcgaacgtc catatcagta agatagtttg tgtgaaggta 1980

aaatctaaaa gatttaagtt ccaaaaacag aaaataatat attacgctaa aaaagaagaa 2040

aataattaaa tacaaaacag aaaaaaataa tatacgacag acacgtgtca cgaagatacc 2100

ctacgctata gacacagctc tgttttectcet tttectatgece tcaaggctcect cttaacttca 2160

ctgtctecte ttcggataat cctatcctte tcettectata aatacctcte cactcttect 2220

cttecctecac cactacaacc acca 2244

<210> SEQ ID NO 214

<211> LENGTH: 1009

<212> TYPE: DNA

<213> ORGANISM: Lycopersicon esculentum

<220> FEATURE:

<223> OTHER INFORMATION: RBCS3 (Ribulose 1,5-bisphosphate carboxylase,
small subunit 3) leaf-specific promoter

<400> SEQUENCE: 214

aaatggagta atatggataa tcaacgcaac tatatagaga aaaaataata gcgctaccat 60

atacgaaaaa tagtaaaaaa ttataataat gattcagaat aaattattaa taactaaaaa 120

gcgtaaagaa ataaattaga gaataagtga tacaaaattg gatgttaatg gatacttett 180

ataattgctt aaaaggaata caagatggga aataatgtgt tattattatt gatgtataaa 240

gaatttgtac aatttttgta tcaataaagt tccaaaaata atctttaaaa aataaaagta 300

ceettttatg aactttttat caaataaatg aaatccaata ttagcaaaac attgatatta 360

ttactaaata tttgttaaat taaaaaatat gtcattttat tttttaacag atatttttta 420

aagtaaatgt tataaattac gaaaaaggga ttaatgagta tcaaaacagc ctaaatggga 480

ggagacaata acagaaattt gctgtagtaa ggtggcttaa gtcatcattt aatttgatat 540

tataaaaatt ctaattagtt tatagtcttt cttttcctet tttgtttgte ttgtatgcecta 600

aaaaaggtat attatatcta taaattatgt agcataatga ccacatctgg catcatcttt 660

acacaattca cctaaatatc tcaagcgaag ttttgccaaa actgaagaaa agatttgaac 720

aacctatcaa gtaacaaaaa tcccaaacaa tatagtcatc tatattaaat cttttcaatt 780

gaagaaattg tcaaagacac atacctctat gagttttttc atcaattttt ttttettttt 840

taaactgtat ttttaaaaaa atattgaata aaacatgtcc tattcattag tttgggaact 900

ttaagataag gagtgtgtaa tttcagaggc tattaatttt gaaatgtcaa gagccacata 960

atccaatggt tatggttgct cttagatgag gttattgcectt taggtgaaa 1009
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<210> SEQ ID NO 215
<211> LENGTH: 2365

<212> TYPE:

DNA

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:

<223> OTHER INFORMATION: ARSK1

promoter

<400> SEQUENCE: 215

ggcgagtgat

gaatcaataa

aataaacccyg

ttcattttcet

tattgtaaat

tcgtgaaaaa

aaaaagggtyg

atccatgatt

ttgtaaaaca

tggatttggt

agatagtaga

ttagaaaaac

acattaatat

aaagttgcta

ctttectagec

gtgaaaaaca

gectacagee

tgtggcggcet

attattgtac

aattacattt

ccggaaaatg

ttatttgaat

ggcggaagaa

aatctctact

tacctgaaga

aaatcaatgg

caaagtcaac

tcaaatcttce

taaattaatt

gaaactagaa

ttaaattacc

gagagatcgt

aaaattatat

tttataatca

ggtatattta

attataaata

atcaatcatt

tggtgetett

ctctttaacc

tgaacgagaa

agccataaac

aacctacget

gtttgaggat

ctaggagcac

tactaattca

taggtggaga

gtacaaatag

aactaaacta

actaaacaac

aaatcttaat

gccgaataaa

ggtgatgatt

gtacatacat

atagtgaagt

aatcatttgt

ttaaaactta

tacgcggtgt

gcacaatctyg

ccaaccgacc

ttcaaatttyg

ggacatccaa

tttatacgta

gcctaaatta

atcgagatag

taaattatta

atttggaatg

agcccgtaga

ataatattga

ttggttgggc

catagcettee

atgttttcat

ttetgtetta

taacgaacaa

aaaacccacc

caaaaacctt

tcactactaa

gctacaaaag

attggttaag

tctatggaga

atacagtaaa

tttacattta

atataatttt

aatacaaaat

tatatggacg

tcttaccage

cacaatttcc

gecatgcgacyg

atgttgggac

gttcagagca

aaaatagtgt

taaacaattt

ttacgtttac

tttagttatt

tttctcttec

ttatggccta

atatttattt

ttagaacaaa

tggaatatag

caacaaaaac

tagagcgaga

ctttggtgag

ttatattgtg

ttaaatatat

ctaaccactt

aggatttect

ttcacgtttt

tttaatgacc

aaaacactat

accagatgtt

gacaaggcga

tggatgttaa

caatatcttce

catgcaaatt

aaaattcaaa

aatgtattat

tgcataagta

cgcccaagte

atcttgteta

cttaaaccag

ccgacagtte

aacaacactt

gattagacgg

tgactccaag

aatttttaac

ttgtgategt

aatttacaag

gaataaatga

ttacttctta

atcatctcat

gccagectga

aactattagt

agagacacca

tattagacag

gacaatttte

atgaagtcta

attagaaaaa

(Root -specific Kinase 1)

ttcagatgca

aaaccaccag

gaacatacat

aatggacata

ctagtaatag

ataagaaaga

gtcaaagaac

ttgtgtceey

gtatgaagcg

ggtggagatt

catcaaaatg

aagtgcatat

tttactaatt

aatttategt

acccattaat

ccatatttca

aacaacggca

tatgataatg

caatttaatt

atacaatgca

agtcaaaaaa

caccecgetge

tgtcaaacat

ttagtataga

ttatttagtt

aattttaatc

tctecttteca

aatgtatacc

aaataactaa

ttaaattcac

aactaagtct

aattcattga

agtacaaaca

gaaaacaact

root-specific

aaaccatatt

ctacaaaacc

taaattattt

atcggtttca

gataagaagg

ccgaaaaagt

aaaaatcatc

gttgaaaagg

gctaaggttt

gagtttttag

cttggatgaa

tgtttggaca

aagtacatat

taaaagtttt

taatttagaa

agggctacag

aataagttca

aaactatata

gttagtatta

cttatgttet

gttattaaat

cgcaaacgtt

ttgtaaccge

agaacgttcg

aagagtaaca

atggaagaaa

acaaggcgaa

aaatcatttt

ttagtcttat

aaaatcattt

ataatgaaac

atatataagc

actgaatgaa

tgcgttattt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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ttcaatatta

cagcatagag

caactaatac

aaggtcggte

agtaggttaa

aaaggagtaa

ttgtgaggat

cttagaacaa

aaaaaaaaaa

agtacgaata

ctagaacatc

aagactaact

<210> SEQ ID NO 216
<211> LENGTH: 1510

<212> TYPE:

DNA

taatgtgaac
tataaatata
aagcaaactt
agacacaaca
cttaatttct

ttcte

atggaatcgt gtttctectg
tccaccaaaa ataacttcaa
tttgtatata taaataaatt
actactataa attagaggac

aaacctacge actctacaaa

<213> ORGANISM: Arabidopsis thaliana
<220> FEATURE:
<223> OTHER INFORMATION: RD29A (Desiccation-responsive

inducible promoter

<400> SEQUENCE: 216

ggttgctatyg

tggeggaggt

gtttgegttt

aaaagagatt

attaataaag

gattgtgata

tgacatctgt

ctatgcatgt

tgattagttc

tgaaagtaaa

agaaagaaaa

cgcatgattt

tctcaaacac

ttacgaaatt

ttattattat

aggagagagg

aaagtttaca

tatttcatct

gtaaatacaa

aaagatcata

gtttgttata

gacatggacc

gacatcagtt

catgagttcc

atgactttga

gtctetetat

gtagggacta

aagggagttc

ttgtatgatg

gggttaataa

gttacaaatg

gatttaaaat

tgtttgtacc

gacatttaga

aaacaaaaat

acaaattaaa

aaatctatca

gatggaggag

ggagatctca

taggtagaac

tatagaattt

aggtaaacat

agatttccat

acttctttta

attaattttc

cctattagaa

ataaacagcc

gactactaat

ttgaaagaaa

aaaaagcaaa

cgtcacacca

<210> SEQ ID NO 217
<211> LENGTH: 3446

<212> TYPE:

DNA

tggggtttte

aagattctgg

cctetgttty

aatatttget

caaaatcatg

tatcctagte

atacaaatta

ccttategga

tttatattaa

ttaacaagaa

tttaatctga

ccatagatge

aagtttgaaa

ttatatacat

tactggttaa

tttcttctat

ttgactagtg

tcttctacca

cttettgaca

cgattaagga

acacgacgta

aatagtaagt

agggaaaaaa

aaaaaagatc

cgaaaacaga

ggatteceggt ggaagtgagt

aactgaagat ttggggtttt

tgaactttga tgtattttat

tttttggata agaaactctt

ttagcgtcag atatttaatt

aaaaagaaag agtaggttga

gtttagatta ttggttaaca

attaatttgt agaattatta

aaaatgtaaa cgaatatttt

acttatagaa gaaaattttt

gtcctaaaaa ctgttatact

aattcaatca aactgaaatt

gaaaatttat ttcttcgact

tatattgtaa ttttttgtaa

attaaaaatg aatagaaaag

tttttcatat tttcaggata

taaatgagga atattctcta

gtagaggaat aaacaatatt

tcattcaatt ttaattttac

gaaatacaat tcgaatgaga

aacgtaaaat gaccacatga

tacattttag gatggaataa

agaaaaaata aataaaagat

aagccgacac agacacgcegt

cgcttecatac gtgtcecttt

aaaaaaatat

catttttata

tgaaaactca

tttgaagaca

agattcatca

29a) stress

dgggaggcag

gettttgaat

ctttgtgtga

ttagcggece

attcgaagat

gcagaaacag

tgttaaatgyg

attaagatgt

gtatgttcag

actatttaag

taacagttaa

tctgcaagaa

caaaacaaac

caaaatgttt

gtgaattaag

aattattgta

gtaagatcat

tagctcettt

gtataaaata

aggatgtgee

tgggccaata

atatcatacc

atactaccga

agagagcaaa

atctctctca

2100

2160

2220

2280

2340

2365

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1510
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<213> ORGANISM: Arabidopsis thaliana

<220> FEATURE:

<223> OTHER INFORMATION: APl (floral meristem-specific) promoter) floral
meristem-specific promoter

<400> SEQUENCE: 217

cacggacctt ggatctgaag ttatgaacaa taacatattt ggcaaaacaa agaaaaaaga 60
aacaacaata ctaacatatt ttggtaaaag aacattgaga agtctcaaaa attaacttct 120
tcttattttg tttcectaata agaccgtttg cttcatttca agttcttagg aaataatttce 180
atgtaacgtg tatgtagata tgtttatgta cagataaaga gagatctgaa aatgatatat 240
agagcttttyg tggtgataag tgcaacaagc aggatatata tatcgaacgt ggtggttaga 300
agatagcgtce aaaatagatg ctagctgetg cgtatacatce atattcatat catatgtact 360
tctettttgt gatttctcat gtgattgaac atactacata aatcttgata gatttataaa 420
aatgcaacaa attgttgttt atataagaaa aataaaacac tgatatgata tttcattagt 480
tattatcaaa tttgcaatat aatgtttaac atccaagatt tgttttacat aatcgttacg 540
gttactaaag tttaatttat gatgttttaa aacaaattga gactaaattt ctaaaagaaa 600
catatacgta catgtgtgta gctgcgtata tatatagaat ggtggggcta aaagctaatg 660
atgtgtacat taattggaca tttgatgtgg ctggattgga cccaacttge tctttgatag 720
agacctaact aagacaattt tgctcttcat tcatttctec cgtatacata attgaattaa 780
ctgtacataa tgtttcacaa caagcgatct agctatatat ttcaaaataa cagagactga 840
tattttaatc tggtcttcta agctctaacg tcaaattaaa aaaaaaatcc gatcttctaa 900
ttaattagaa gaaatcaatt atagaacctc tctctttaat ttcatttatt taaaactgct 960

tggaaattta attattcact aaagactcac tattctcctt aatttatgat aatttgtaga 1020
tcatatgttc agtttttatt tatttgccat tcgaatgttg agttttaatt aaaccaatat 1080
gttaatattc gaattaaaaa aacttaccta taattcactt atttaaaaac ataaaataat 1140
aataattgca tcaccgtgat acaaagcaac ctcacaagtc acaactctcg tgactacaaa 1200
gatcactcat taaacaaacc ttecctgectt ctttttttet acttgggcac ctcgaccgat 1260
cgaagactat tcttgggatc tgcttcaaaa acgactatat gttctaaatc cacttcgtat 1320
gatgacgaac atttggttta ctactgaaga tagagattac gtccttctaa ttagaagtaa 1380
ttaattattt tagtatttgg aagctaatgg tggagatgta accgtatctt agtggatcga 1440
gatattgtat ataaaatatg tatgctacat cgaataataa actgaaagag agtaaaaagg 1500
gatatttaat gggaagaaaa gaagggtgga gatgtaacaa aggcgaagat aatggatatt 1560
cttgggatgt tgtcttcaag gccacgagct tagattcttt tagttttgect caatttgtta 1620
agtttctact tttccttttg ttgcttacta cttttgctca tgatctccat atacatatca 1680
tacatatata tagtatacta tctttagact gatttctcta tacactatct tttaacttat 1740
gtatcgtttc aaaactcagg acgtacatgt ttaaatttgg ttatataacc acgaccattt 1800
caagtatata tgtcatacca taccagattt aatataactt ctatgaagaa aatacataaa 1860
gttggattaa aatgcaagtg acatcttttt agcataggtt catttggcat agaagaaata 1920
tataactaaa aatgaacttt aacttaaata gattttacta tattacaatt ttttcttttt 1980
acatggtcta atttattttt ctaaaattag tataattgtt gttttgatga aacaataata 2040
ccgtaagcaa tagttgctaa aagatgtcca aatatttata aattacaaag taaatcaaat 2100

aaggaagaag acacgtggaa aacaccaaat aagagaagaa atggaaaaaa cagaaagaaa 2160
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ttttttaaca agaaaaatca attagtcctc aaacctgaga tatttaaagt aatcaactaa 2220
aacaggaaca cttgactaac aaagaaattt gaaacgtggt ccaactttca cttaattata 2280
ttgttttcte taaggcttat gcaatatatg ccttaagcaa atgccgaatc tgtttttttt 2340
ttttttgtta ttggatattg actgaaaata aggggttttt tcacacttga agatctcaaa 2400
agagaaaact attacaacgg aaattcattg taaaagaagt gattaagcaa attgagcaaa 2460
ggtttttatg tggtttattt cattatatga ttgacatcaa attgtatata tatggttgtt 2520
ttatttaaca atatatatgg atataacgta caaactaaat atgtttgatt gacgaaaaaa 2580
aatatatgta tgtttgatta acaacatagc acatattcaa ctgatttttg tcctgatcat 2640
ctacaactta ataagaacac acaacattga acaaatcttt gacaaaatac tatttttggg 2700
tttgaaattt tgaatactta caattattct tctcgatcectt cctctcecttte cttaaatcct 2760
gcgtacaaat ccgtcgacgce aatacattac acagttgtca attggttctce agctctacca 2820
aaaacatcta ttgccaaaag aaaggtctat ttgtacttca ctgttacagc tgagaacatt 2880
aaatataata agcaaatttg ataaaacaaa gggttctcac cttattccaa aagaatagtg 2940
taaaataggg taatagagaa atgttaataa aaggaaatta aaaatagata ttttggttgg 3000
ttcagatttt gtttcgtaga tctacaggga aatctccgecce gtcaatgcaa agcgaaggtg 3060
acacttgggg aaggaccagt ggtccgtaca atgttactta cccatttcte ttcacgagac 3120
gtcgataatc aaattgttta ttttcatatt tttaagtccg cagttttatt aaaaaatcat 3180
ggacccgaca ttagtacgag atataccaat gagaagtcga cacgcaaatc ctaaagaaac 3240
cactgtggtt tttgcaaaca agagaaacca gctttagctt ttccctaaaa ccactcttac 3300
ccaaatctct ccataaataa agatcccgag actcaaacac aagtcttttt ataaaggaaa 3360
gaaagaaaaa ctttcctaat tggttcatac caaagtctga gctcttecttt atatctcetcet 3420
tgtagtttct tattgggggt ctttgt 3446
<210> SEQ ID NO 218
<211> LENGTH: 505
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: P894 (35S::G47)
<400> SEQUENCE: 218
cttettette acatcgatca tcatacaaca acaaaaaatg gattacagag aatccaccgg 60
tgaaagtcag tcaaagtaca aaggaatccg tcgtcggaaa tggggcaaat gggtatcaga 120
gattagagtt ccgggaactc gtgaccgtct ctggttaggt tcattctcaa cagcagaagg 180
tgccgecegta gcacacgacg ttgctttett ctgtttacac caacctgatt ctttagaatce 240
tctcaattte cctcatttge ttaatcctte actegtttecce agaacttcte cgagatctat 300
ccagcaagcet gettctaacg ccggcatgge cattgacgec ggaatcgtece acagtaccag 360
cgtgaactcet ggatgeggag atacgacgac gtattacgag aatggagctyg atcaagtgga 420
geegttgaat atttcagtgt atgattatct gggceggecac gatcacgttt gatttatcte 480
gacggtcatg atcacgtttg atctt 505

<210> SEQ ID NO 219
<211> LENGTH: 485

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: P1572

(358::G2133)
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435

-continued

436

<400>

SEQUENCE: 219

atctcatctt catccaccca aaaacatgga ttcaagagac accggagaaa

caagtacaaa ggtatcegte gtecggaaatg gggaaaatgg gtatcagaga

gggaactcegt caacgtctet ggttaggete tttetccace gecagaaggeg

ccacgacgte getttttact gettgeaceg accatcttece ctegacgacg

cttecectcac ttacttacaa ccteectege ctcecaatata tcetectaagt

agctgettee gacgeecggea tggecgtgga cgecggatte catggtgetg

tggtggttgt gaagagagat cttccatgge gaatatggag gaggaggaca

ctcegtgtat gattatcttg aagacgatct cgtttgatcet atacgagtac

gttaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 220
LENGTH: 707

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: P23456 (35S::G3649)

SEQUENCE: 220

acgagctcga gctcagagtg atctcagate gtegtegegg tcagegecga

gCtthCng agggggaaga cggtacgtac atgggccggg tggcggcgag

ggcggcggag gggagatgat gaggtacagg ggcgtgcgge ggeggeggtg

gtgtcggaga tcegggtgee cgggacgegg gagcegectgt ggeteggete

gecgaggeceg cegecegtege gecacgacgee geegtetgee tectecgget

cgeegegecg ccgcaggegg aggeggeggg ctcaacttece cegeccegege

geggeggecg cctectecta cggeggegee ggeggtetee tgteccegeg

cgegtggegt ccgacgecgg catggecgece gacgegeage tegtggacct

caccegeceg ccgecgecge cgecteatee tecggecageg gegtggeggg

agaaagcaag ggacacgtgg cgaggttage gacacgtatt ggtgtaggaa

gggagcagaa gccggagcte cgggagtgag gagctcattg tttacgaggg

gatgacatgg aaattttgat gtaaacagtg attattttat taatatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 221
LENGTH: 869

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: P23455 (35S::G3644)

SEQUENCE: 221

tcgacctcac gtaccggeca gaaatatcac agcacacaca cacggttaac

cgcgaaatct ctegaagtga aacatcccaa gcaaaaatce gatcgatteg

aggtcaactc gccatggetg accteccatg catatatata cgegtagtac

tttcccaacyg ctegegaate aaatcgaggg tgaaattaag tcaagaacgg

cggtgaggtt gatctcaget cgecggagga ggcaatgage cgggceggagt

cgaggaggag gagcggtgca ggtacagggg cgtgcggcegg cggcggtggg

gtcggagate cgggtgeceg gecacgeggga gceggetgtgg ctggggtect

ctgaccagag

ttcegtgtece

ctgcegtage

aatcttttaa

ccatccaaaa

tgtctgggag

aacttagtat

gtttttagea

cgacgagcaa

¢ggcggegygce

ggggaagtgg

ctacgecace

¢ggcggegygce

getegecgeg

ctcegtgeag

gegecgegac

agacggtgca

tggagaggat

cttaagtgta

tttttteceg

gegagetage

gtacacttge

agagagatca

geggeggcegg

ggaagtgggt

acgccacgec

60

120

180

240

300

360

420

480

485

60

120

180

240

300

360

420

480

540

600

660

707

60

120

180

240

300

360

420
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-continued

438

ggaggcegee gecegtegege acgacacgge cgtctactte ctecgeggag

cggeggtgge ggceggegega cgctcaactt cecggagege geggeggeca

cggegecgee gtggegegee tgtegeegeg gteegtgeag cgegtggegt

catggeegee gacgegeage tegtggegge gegggacgece gegeccgege

gacggcegtac gegegeccegg atcactgege cggegcegacg acggegegge

ggcgegecge gggatgtacg gegetcacge gcatgecgee ggegegaacyg

cggcegagegyg cagctegtet gtgecgagga gattagegtg gatgacatgg

gtaatcacgce agtgacaaaa tagcaaagc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 222
LENGTH: 631

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: P23465 (35S::G3643)

SEQUENCE: 222

tcgacgegte cgettettet ctcagaatac acaacacaaa gtcaatataa

tcectatgag taggagtteg gegatgecatg gaattacaag cacaaacaac

gagttcggeg tcgaaaatgg ggcaaatggg tgtcggagat tegtgtteeg

agcgtttgtyg gttgggaace tacgecacge cggaggetge cgeggtgget

cegtctactyg tctaagtagg ccttettegt tggacaaact taacttcccce

cttegtacag tgttcagete agggacatgt cteegaggte tgtgcagaag

atgttggcat ggatgttgat gcaagaaaca ttgttgeggg caaaacttca

cagaaactaa ttgcgagagt gatgagagga ctagtactgc gtctgtgtgt

gagaaggtgg tgctgatcat tcggatgtgt tttggtggga tgatgatggt

atggaagtgg tggagattct acggaaaggg atgccttgag catttccatt

tttagetgtt ctaggtttca actttagttg ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 223
LENGTH: 813

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: P25402 (35S::G3650)

SEQUENCE: 223

ccaccegtge tcgategate atgecatgte aacgecceeg gecgegetga

tctegtetca ccgcacctta taaatacgec cacgtegete gtgtegtegt

gcaaacggce aaaaaccacc agcacaagtg cacaagccat tgeccatcegg

ggccagecce tgtcccgacyg gteggecgac gacgatgage cgegeagega

cgcggagegg cggtgecggt acaggggegt geggceggegg gectggggga

ggagatcegg gtgcegggea cgcegggageg getgtggetg ggatectacyg

ggcegecgee gtegegecacyg acgecgecge gtgectecte cgeggetgeg

cctcaactte cegggecgeg cegectgeta ctacgectge ggegggcage

gecgegetee gtgcagegeg tegegtecga cgecggcatg gecgecgacyg

cgacgegegyg geggeecteg cctegecgee gecegttgte cageccgecg

cattattgge ggcgeegege gagaaggegg cggaggegtyg cgaggeccceg

gegegggega
cgtacggegg
ccgacgecgyg
cegegecgge
acgacgagcet
ccaggacgag

agatcctgat

ttatagtata
aagttgaagg
ggcacgcaag
cacgacgttyg
gaaaccttgt
gtggctteeg
acggtggggy
aatgttgttg

gggtcttggc

gaagattatc

ccttgatect

gtgctccate

acgcccagec

ccaacagegyg

agtgggtgtc

cggegeccga

cgggccgcecg

agcecgetgte

cgcagategt

ctctegetygy

cgtgegegece

480

540

600

660

720

780

840

869

60

120

180

240

300

360

420

480

540

600

631

60

120

180

240

300

360

420

480

540

600

660
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ggcgcegeca agcaacggeg ctggcagcag cagtacgtat tggtccacge cgagecagtga

gecgeegett gtttacgggg acattagegt agacgacata gagatcttga tttgactatt

aggcactagt tagtagcata gtcatggcag ttc

<210> SEQ ID NO 224
<211> LENGTH: 505

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: P3853

<400> SEQUENCE: 224

cttecttette

tgaaagtcag

gattagagtt

tgccgecgta

tctcaattte

ccagcaagcet

cgtgaactct

geegttgaat

gacggtcatyg

acatcgatca

tcaaagtaca

ccgggaacte

gcacacgacyg

cctecatttge

gettctaacy

ggatgcggag

atttcagtgt

atcacgtttyg

<210> SEQ ID NO 225
<211> LENGTH: 4361

<212> TYPE:

DNA

tcatacaaca

aaggaatccg

gtgaccgtet

ttgctttctt

ttaatccttce

ceggcatgge

atacgacgac

atgattatct

atctt

acaaaaaatg

tcgtceggaaa

ctggttaggt

ctgtttacac

actcgtttee

cattgacgee

gtattacgag

gggcggccac

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: P5318

<400> SEQUENCE: 225

agaatgtagc

gtataatttg

catggtattg

aaggtactga

agtatagaga

agagagagaa

tcttattttt

attatatget

tttagaactt

aaaattctac

tggtgggctt

gtttgataat

atataagaac

tctaagaatt

atctaacctt

caatataatc

ataaaacaca

aatacaaata

ataaatattc

agtcttctat

aaaaaataga

gagattagce

gacattcgga

aattaaatat

ctgacttgga

tttctttegt

gtattacagce

ttagcaaatg

ttceeeeetet

caaatcttaa

atattaagag

cttaattatt

catgttctaa

attttatttt

tatgacggta

actttgtgtt

atgcgagaga

caaaactttt

ctactgttta

ctgtcececac

tacaactaaa

ctaaataaaa

agaagtgata

ataagttacc

ttcttaacaa

taagagtgta

ctattttacc

ccaatataga

tctgtgtgaa

aaagaacaat

ttacagctta

(prSTM: :m358S :

ccgttateca

tegtegttty

atcagattcc

ttttaaatta

agagggagag

ttgcttttet

agaagaaacc

cttgcaagta

aatgattgecc

tcectttattt

taattttata

ttttgtttat

aattaaacat

tgcttttaaa

tattttctaa

taacataata

taatgtttta

(opLexA: :G47)

gattacagag

tggggcaaat

tcattctcaa

caacctgatt

agaacttcte

ggaatcgtce

aatggagctyg

gatcacgttt

tcaccattat

cttaataaac

cgctgggata

tataagctat

agtagggtca

gtagaataac

aacttttaaa

acagtttcaa

ctagacctga

gactattaga

atttatttta

taaaatgtgt

taaatttaaa

accattggtt

attttcattt

tttacaaacc

aagttcaggt

aatccaccgg

gggtatcaga

cagcagaagg

ctttagaatc

cgagatctat

acagtaccag

atcaagtgga

gatttatcte

:0Enh: : LexAGal4 (GFP) )

atgtatatat

agctcattte

acaaaagaac

aaaagaaaag

ttagggettt

attatttaaa

ataaatgcag

gtecttttgt

tagattctet

ccatccatat

atgttaagag

tttgtttctt

ttttaatatc

gaataaataa

taatttagca

taaaaagatt

ttatttttta

720

780

813

60

120

180

240

300

360

420

480

505

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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aaagttcagg tttattacat taggtttgac ttgtaatcat catttatcac aacgatcaaa 1080
ctattattac aatcacaata gtagacaaaa tttaggatat atatatatat atataattat 1140
gtataaacta tgaacattta aagtgagatt tttcaaaata atatataaat tcaaatagaa 1200
atagactatt tggttcttaa atgagagacc cccgaaaaaa tctttttttt tttctcatca 1260
agctgtttac atttttagat ataaaatcat attctttata gtttagaata tgaattaaat 1320
agttttatat gttattaact tatcataaga tatgcgtgag gttggccaaa aactcatcaa 1380
ttaaccaaat aagaaaagta aaattgtatt ttgctttgct aaaaatgtaa atatttcatt 1440
gaaaaatgaa aaaggtttag gtaatacaat taagtaaatc ctacaatttt ggttccatgg 1500
caaaagaata aaattgtatt gctttggtaa aagttgatcc aactaatata ttcagtagaa 1560
actgcaaaac tgaagaaata agtttgttta gtagaattgc tttcggttat gtaatgaata 1620
tacatccaaa atggcttttt agtaatgatg tcttttcata ctctttccaa tceccctactac 1680
tttcagatta tttgtcctac tattatagag atatacgttc gttttcaata atatgaaaag 1740
tgatatatat ttaaatagtg tgatatatat ataagttttg caagtgcatc acttcccaaa 1800
atcgcataaa tcattaatca tattgtcgaa aacagtataa taacttctta aacgaaaacg 1860
cagcgcaatt aaaaataaca actagagata attgacaaaa cattgattaa tatttaccta 1920
taagttaatt attgtattta aaatttattt aaagttcata aggaaaacat atgcaaaaat 1980
atttatatct aatattttgc tatgttatce tttttttttt ttacgttatc ctaattttgt 2040
ttatcctaat ttgttgtggt taaaatctta ttattgataa aaagagaact tttttttttg 2100
tcatcataaa aaagagaact tattacttcg attttaaaat tctatgagcg taggagacaa 2160
agaaaaaaaa aataaaaaaa aaaagaagag aaaaatcact tcttttctte tttttagtcc 2220
agatccaaca tattttggat aactaaatga agatttttta aaaaaatata ttttagggta 2280
tatataaatc ataatttgaa gcaaatgaaa taaaatccag tttggtaata tataaatatg 2340
atttgatggg ttccttgtaa tectctcectcta tctattagtt tcectcagttat cttttetttg 2400
ccagaaatgg cagtgaaggc agtggctgag gagagagttt tttttcttet ttcatgggga 2460
aagtaaaact ttgccttgaa gatttctcte ttcaatattt ttctaagact tttgatttca 2520
acgaatcact gtccttaacc taaaagcaag aaaaattagc tttatactgg tcectttacttt 2580
tttttaacat atttattttt atatagttta cttataaaca tagacatacg agtatgggaa 2640
tatatagtat atccaacttc taaataatat ttcgaatagt gataacaaaa ttagcaatac 2700
atacggctag tgaaatgttg atcgaataaa cggcactgat gtaatgtact tatcaatttt 2760
gataatttta attgtattgt ttttcttttt ttcccacagt attgaactag acaattaaat 2820
ttaaagtaaa attatacatt tctttcgttg tgtattaaag taacatgcat aatatcattt 2880
tcettegtac aatcctccaa attgacaatt gatgaattac tttgtcaatce gtaaatgaat 2940
ttttctcaag tectgtatact attttcaggg ataaacaggt acaggtgtcce catgcttatt 3000
ctcttgatag taacatgtgt cctatgttga gtcaattcta cgttcgaaga agtgctaaca 3060
attgttaata gcctcgtata ttattctaat taaaatgcect cgatagattt ggttagtggt 3120
ctgaatgtga ttggttattt tttcaagtgg caagaggtct accatctaat attacaatca 3180
atcgaccaaa aaggtcgaga acatgataat ggtggcaaat acaaatggtt cattgttgtc 3240
taatataaca agccatcagt tgtcactttt taaaaacaat acagaataca agatactttt 3300
tttttaaggt aaaatgtgtg tttaatattt tcgtttatat aacaaataaa cagttacatg 3360
ttttactcta tgattatatt tatgacattt ttcttcttet taacaacatt tttttceccat 3420
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aagaacattt acaatagtat taaaactttg attgcaatca aatgttagat cacttattat 3480
aaaattacta agactgctat cttttcecctat tgacaaaagc gaatccaata tatgttactg 3540
aaacaaatgc gtaaattata ctatatggag atctatcggt taattattga gagaatctaa 3600
gaaagttttt gagtacaaca gtcctaataa tatcttcaca taccatataa tatacatata 3660
tacatataca caaatgtact ttttaaacca acatcagcat acgtatatcc catcaggaaa 3720
cttagacttt tgggaattca tggtatgaaa accaaaacca aatgacaaca ttcgatttga 3780
tactccecgac ccatggtaaa gaaataacaa attccaatat atctttcact ggacttteccg 3840
aggcacattc cggttttctce catttcaaga aattgtcaaa aataaattga gatccggttt 3900
attacctcaa aaaagaagaa gagaaattac aacattaatt tccgaaaagg cataaatgag 3960
aaatcatatt tcagcagaag aacacaaaag agttaagaac ccacagatca cacaacctct 4020
gtccatgtet getttttaca cttttttaaa ataagtttct cctaaaaagt tatttcctat 4080
ttataataat ttccttagat ttatcttcct ggtcectctett ctgctgcectte cctecteccce 4140
ataactatca ctatttagaa ttttcaatgt ggaaaaggaa gctgattgtt gaagcataaa 4200
tceccgggaga ccacttttge attttcaaat aattaaatta aaccatagat acacacacac 4260
agttacttac tcttttaggg tttcccaata aatttatagt actttaatgt gtttcatgat 4320
attgatgata aatgctagct gtatttacaa tgggggctce t 4361
<210> SEQ ID NO 226
<211> LENGTH: 1176
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: P5288 (prCUT1l::m35S::oEnh: :LexAGal4 (GFP)
<400> SEQUENCE: 226
tgtgaattat attttactct tcgatatcgg ttgttgacga ttaaccatgc aaaaaagaaa 60
cattaattgc gaatgtaaat aacaaaacat gtaactcttyg tagatataca tgtatcgaca 120
tttaaacccg aatatatatg tatacctata atttctctga ttttcacget acctgecacyg 180
tacatgggtg ataggtccaa actcacaagt aaaagtttac gtacagtgaa ttcgtetttt 240
tgggtataaa cgtacattta atttacacgt aagaaaggat taccaattct ttcatttatg 300
gtaccagaca gagttaaggc aaacaagaga aacatataga gttttgatat gttttcttgg 360
ataaatatta aattgatgca atatttaggg atggacacaa ggtaatatat gccttttaag 420
gtatatgtgc tatatgaatc gtttcgcatg ggtactaaaa ttatttgtcc ttactttata 480
taaacaaatt ccaacaaaat caagtttttg ctaaaactag tttatttgcg ggttatttaa 540
ttacctatca tattacttgt aatatcattc gtatgttaac gggtaaacca aaccaaaccyg 600
gatattgaac tattaaaaat cttgtaaatt tgacacaaac taatgaatat ctaaattatg 660
ttactgctat gataacgacc atttttgttt ttgagaacca taatataaat tacaggtacg 720
tgacaagtac taagtattta tatccacctt tagtcacagt accaatattyg cgcctaccgg 780
gcaacgtgaa cgtgatcatc aaatcaaagt agttaccaaa cgctttgatc tcgataaaac 840
taaaagctga cacgtcttgce tgtttcttaa tttatttcectce ttacaacgac aattttgaga 900
aatatgaaat ttttatatcg aaagggaaca gtccttatca tttgctccca tcacttgett 960
ttgtctagtt acaactggaa atcgaagaga agtattacaa aaacattttt ctcgtcattt 1020
ataaaaaaat gacaaaaaat taaatagaga gcaaagcaag agcgttgggt gacgttggtc 1080
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tcttcattaa ctcectctecat ctaccectte ctetgttege ctttatatce ttcaccttee 1140

ctctctecate ttcattaact catcttcaaa aatacc 1176

<210> SEQ ID NO 227

<211> LENGTH: 485

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: P4361 (opLexA::G2133)

<400> SEQUENCE: 227

atctcatctt catccaccca aaaacatgga ttcaagagac accggagaaa ctgaccagag 60
caagtacaaa ggtatccgtc gtcggaaatg gggaaaatgg gtatcagaga ttcegtgtcce 120
gggaactcgt caacgtctcet ggttaggete tttetecace gecagaaggeg ctgecgtage 180
ccacgacgte getttttact gettgcacceg accatcttece ctecgacgacyg aatcttttaa 240
cttecectcac ttacttacaa cctccectege ctecaatata tcetectaagt ccatccaaaa 300
agctgettee gacgecggca tggccgtgga cgecggatte catggtgetyg tgtctgggag 360
tggtggttgt gaagagagat cttccatggce gaatatggag gaggaggaca aacttagtat 420
ctccgtgtat gattatcttg aagacgatct cgtttgatct atacgagtac gtttttagca 480
gttaa 485

<210> SEQ ID NO 228

<211> LENGTH: 1183

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: P5287 (prLTP1l::m35S::oEnh::LexAGal4 (GFP))

<400> SEQUENCE: 228

gatatgacca aaatgattaa cttgcattac agttgggaag tatcaagtaa acaacatttt 60
gtttttgttt gatatcggga atctcaaaac caaagtccac actagttttt ggactatata 120
atgataaaag tcagatatct actaatacta gttgatcagt atattcgaaa acatgacttt 180
ccaaatgtaa gttatttact ttttttttgc tattataatt aagatcaata aaaatgtcta 240
agttttaaat ctttatcatt atatccaaac aatcataatc ttattgttaa tctctcatca 300
acacacagtt tttaaaataa attaattacc ctttgcatga taccgaagag aaacgaattc 360
gttcaaataa ttttataaca ggaaataaaa tagataaccyg aaataaacga tagaatgatt 420
tcttagtact aactcttaac aacagtttta tttaaatgac ttttgtaaaa aaaacaaagt 480
taacttatac acgtacacgt gtcgaaaata ttattgacaa tggatagcat gattcttatt 540
agagtcatgt aaaagataaa cacatgcaaa tatatatatg aataatatgt tgttaagata 600
aactagacga ttagaatata tagcacatct atagtttgta aaataactat ttctcaacta 660
gacttaagtc ttcgaaatac ataaataaac aaaactataa aaattcagaa aaaaacatga 720
gagtacgtta gtaaaatgta tttttttggt aaaataatca cttttcatca ggtcttttgt 780
aaagcagttt tcatgttaga taaacgagat tttaattttt tttaaaaaaa gaagtaaact 840
aactatgttc ctatctacac acctataatt ttgaacaatt acaaaacaac aatgaaatgce 900
aaagaagacg tagggcactg tcacactaca atacgattaa taaatgtatt ttggtcgaat 960

taataacttt ccatacgata aagttgaatt aacatgtcaa acaaaagaga tgagtggtcc 1020

tatacatagt taggaattag gaacctctaa attaaatgag tacaaccacc aactactcct 1080

tcectetata atctatcgca ttcacaccac ataacatata cgtacctact ctatataaca 1140
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ctcactccce aaactctett catcatccat cactacacac atc 1183
<210> SEQ ID NO 229
<211> LENGTH: 686
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: P3367 (opLexA::G975)
<400> SEQUENCE: 229
attactcatc atcaagttcc tactttctet ctgacaaaca tcacagagta agtaagaatg 60
gtacagacga agaagttcag aggtgtcagg caacgccatt ggggttcttg ggtcgctgag 120
attcgtcate ctctecttgaa acggaggatt tggctaggga cgttecgagac cgcagaggag 180
gcagcaagag catacgacga ggccgecgtt ttaatgagceg gecgcaacgc caaaaccaac 240
tttcecectca acaacaacaa caccggagaa acttccgagg gcaaaaccga tatttcaget 300
tegtecacaa tgtcatccte aacatcatct tecatcgetet cttecatcct cagegecaaa 360
ctgaggaaat gctgcaagtc tcctteccca teectcacct gectecegtet tgacacagece 420
agctcccata tcggegtetyg gcagaaacgg gecggttcaa agtctgacte cagetgggte 480
atgacggtgg agctaggtcc cgcaagctcece teccaagaga ctactagtaa agcttcacaa 540
gacgctatte ttgctccgac cactgaagtt gaaattggtg gcagcagaga agaagtattg 600
gatgaggaag aaaaggttgc tttgcaaatg atagaggagc ttctcaatac aaactaaatc 660
ttatttgctt atatatatgt acctat 686
<210> SEQ ID NO 230
<211> LENGTH: 686
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: P408 (35S5::G975)
<400> SEQUENCE: 230
attactcatc atcaagttcc tactttctet ctgacaaaca tcacagagta agtaagaatg 60
gtacagacga agaagttcag aggtgtcagg caacgccatt ggggttcttg ggtcgctgag 120
attcgtcate ctctecttgaa acggaggatt tggctaggga cgttecgagac cgcagaggag 180
gcagcaagag catacgacga ggccgecgtt ttaatgagceg gecgcaacgc caaaaccaac 240
tttcecectca acaacaacaa caccggagaa acttccgagg gcaaaaccga tatttcaget 300
tegtecacaa tgtcatccte aacatcatct tecatcgetet cttecatcct cagegecaaa 360
ctgaggaaat gctgcaagtc tcctteccca teectcacct gectecegtet tgacacagece 420
agctcccata tcggegtetyg gcagaaacgg gecggttcaa agtctgacte cagetgggte 480
atgacggtgg agctaggtcc cgcaagctcece teccaagaga ctactagtaa agcttcacaa 540
gacgctatte ttgctccgac cactgaagtt gaaattggtg gcagcagaga agaagtattg 600
gatgaggaag aaaaggttgc tttgcaaatg atagaggagc ttctcaatac aaactaaatc 660
ttatttgctt atatatatgt acctat 686

<210> SEQ ID NO 231
<211> LENGTH: 666

<212> TYPE

: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: P954

(355::G1387)
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<400> SEQUENCE: 231
ctctectatt cttagttegt gtcagaaaca cacagagaaa ttaagaaccce taatttaaaa 60
cagaagaatg gtacattcga agaagttccg aggtgtcege cagegtcagt ggggttettg 120
ggtttctgag attcgtcate ctctecttgaa gagaagagtyg tggctaggaa cattcgacac 180
ggcggaaaca gcggctagag cctacgacca agccgeggtt ctaatgaacg gecagagege 240
gaagactaac ttccccgtca tcaaatcgaa cggttcaaat tcecttggaga ttaactctge 300
gttaaggtct cccaaatcat tatcggaact attgaacgct aagctaagga agaactgtaa 360
agaccagaca ccgtatctga cgtgtcteeg cectegacaac gacagctcac acatcggegt 420
ctggcagaaa cgcgecgggt caaaaacgag tccaaactgg gtcaagettyg ttgaactagg 480
tgacaaagtt aacgcacgtc ccggtggtga tattgagact aataagatga aggtacgaaa 540
cgaagacgtt caggaagatg atcaaatggc gatgcagatg atcgaggagt tgcttaactg 600
gacctgtect ggatctggat ccattgcaca ggtctaaagg agaatcattg aattatatga 660
tcaaga 666
<210> SEQ ID NO 232
<211> LENGTH: 653
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: P2002 (35S::G2583)
<400> SEQUENCE: 232
caaatcagaa aatatagagt ttgaaggaaa ctaaaagatg gtacattcga ggaagttccg 60
aggtgtccege cagcgacaat ggggttettg ggtcetcetgag attcgecatce ctctattgaa 120
gagaagagtyg tggcttggaa ctttcgaaac ggcagaagcg gctgcaagag catacgacca 180
agcggetett ctaatgaacg gccaaaacgce taagaccaat ttcectgteg taaaatcaga 240
ggaaggctee gatcacgtta aagatgttaa ctctcegttyg atgtcaccaa agtcattatce 300
tgagettttyg aacgctaagce taaggaagag ctgcaaagac ctaacgcctt ctttgacgtg 360
tcteegtett gatactgaca gttcccacat tggagtttgg cagaaacggyg ccgggtcgaa 420
aacaagtcceg acttgggtca tgcgcectega acttgggaac gtagtcaacyg aaagtgcggt 480
tgacttaggg ttgactacga tgaacaaaca aaacgttgag aaagaagaag aagaagaaga 540
agctattatt agtgatgagg atcagttage tatggagatg atcgaggagt tgctgaattg 600
gagttgactt ttgactttaa cttgttgcaa gtccacaagg ggtaagggtt ttce 653

<210> SEQ ID NO 233

<211> LENGTH: 4276

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: P6506 (35S::LexA-GAL4TA)

<400> SEQUENCE: 233

catgcctgeca ggtccccaga ttagectttt caatttcaga aagaatgceta acccacagat 60
ggttagagag gcttacgcag caggtctcat caagacgatce tacccgagca ataatctcca 120
ggaaatcaaa taccttccca agaaggttaa agatgcagtc aaaagattca ggactaactg 180
catcaagaac acagagaaag atatatttct caagatcaga agtactattc cagtatggac 240
gattcaaggc ttgcttcaca aaccaaggca agtaatagag attggagtct ctaaaaaggt 300

agttcccact gaatcaaagg ccatggagtce aaagattcaa atagaggacce taacagaact 360
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cgecgtaaag actggcgaac agttcataca gagtctctta cgactcaatyg acaagaagaa 420
aatcttcegte aacatggtgg agcacgacac acttgtctac tccaaaaata tcaaagatac 480
agtctcagaa gaccaaaggg caattgagac ttttcaacaa agggtaatat ccggaaacct 540
ccteggatte cattgeccag ctatctgtca ctttattgtg aagatagtgg aaaaggaagg 600
tggctectac aaatgccatc attgcgataa aggaaaggec atcgttgaag atgectcetge 660
cgacagtggt cccaaagatg gacccccacce cacgaggage atcgtggaaa aagaagacgt 720
tccaaccacg tcttcaaage aagtggattg atgtgatate tccactgacyg taagggatga 780
cgcacaatce cactatcctt cggcggecge aagaccctte ctctatataa ggaagttcat 840
ttcatttgga gaggacacgc tcgagtataa gagctcattt ttacaacaat taccaacaac 900
aacaaacaac aaacaacatt acaattacat ttacaattac catggaagcyg ttaacggcca 960
ggcaacaaga ggtgtttgat ctcatccgtg atcacatcag ccagacaggt atgccgccga 1020
cgegtgegga aatcgcgcag cgtttggggt tceegttecce aaacgcggcet gaagaacatce 1080
tgaaggcgct ggcacgcaaa ggcgttattg aaattgtttc cggcgcatca cgcgggattce 1140
gtctgttgca ggaagaggaa gaagggttgce cgctggtagg tcegtgtgget gccggtgaac 1200
cacttctgge gcaacagcat attgaaggtc attatcaggt cgatccttece ttattcaagce 1260
cgaatgctga tttcctgetg cgcgtcagceg ggatgtcecgat gaaagatatc ggcattatgg 1320
atggtgactt gctggcagtyg cataaaactc aggatgtacg taacggtcag gtcgttgtcg 1380
cacgtattga tgacgaagtt accgttaagc gcctgaaaaa acagggcaat aaagtcgaac 1440
tgttgccaga aaatagcgag tttaaaccaa ttgtcgtaga tcttecgtcag cagagcttca 1500
ccattgaagg gctggcggtt ggggttattc gcaacggcga ctggctggaa ttccccaatt 1560
ttaatcaaag tgggaatatt gctgatagct cattgtcctt cactttcact aacagtagca 1620
acggtccgaa cctcataaca actcaaacaa attctcaagce gctttcacaa ccaattgect 1680
cctctaacgt tcatgataac ttcatgaata atgaaatcac ggctagtaaa attgatgatg 1740
gtaataattc aaaaccactg tcacctggtt ggacggacca aactgcgtat aacgcgtttg 1800
gaatcactac agggatgttt aataccacta caatggatga tgtatataac tatctattcg 1860
atgatgaaga taccccacca aacccaaaaa aagagtagct agagctttceg ttegtatcat 1920
cggtttecgac aacgttcgtce aagttcaatg catcagtttc attgcgcaca caccagaatc 1980
ctactgagtt tgagtattat ggcattggga aaactgtttt tcttgtacca tttgttgtgce 2040
ttgtaattta ctgtgttttt tattcggttt tcgctatcga actgtgaaat ggaaatggat 2100
ggagaagagt taatgaatga tatggtcctt ttgttcattc tcaaattaat attatttgtt 2160
ttttctetta tttgttgtgt gttgaatttg aaattataag agatatgcaa acattttgtt 2220
ttgagtaaaa atgtgtcaaa tcgtggcctce taatgaccga agttaatatg aggagtaaaa 2280
cacttgtagt tgtaccatta tgcttattca ctaggcaaca aatatatttt cagacctaga 2340
aaagctgcaa atgttactga atacaagtat gtcctcttgt gttttagaca tttatgaact 2400
ttcctttatg taatttteca gaatccttgt cagattctaa tcattgcttt ataattatag 2460
ttatactcat ggatttgtag ttgagtatga aaatattttt taatgcattt tatgacttgc 2520
caattgattg acaacatgca tcaatctaga acatatccat atctaatctt acctcgactg 2580
ctgtatataa aaccagtggt tatatgtcca gtactgctgt atataaaacc agtggttata 2640
tgtacagtac gtcgatcgat cgacgactgc tgtatataaa accagtggtt atatgtacag 2700
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tactgctgta tataaaacca gtggttatat gtacagtacg tcgaggggat gatcaagacc 2760
cttcctetat ataaggaagt tcatttcatt tggagaggac acgctcgagt ataagagctce 2820
atttttacaa caattaccaa caacaacaaa caacaaacaa cattacaatt acatttacaa 2880
ttaccatggt gagcaagggc gaggagctgt tcaccggggt ggtgcccatce ctggtcgagce 2940
tggacggcga cgtaaacggc cacaagttca gegtgtcegyg cgagggcgayg ggcgatgcca 3000
cctacggcaa gctgacccetg aagttcatct gcaccaccgg caagctgcece gtgeccctggce 3060
ccaccetegt gaccaccctg acctacggeg tgcagtgett cagecgctac cccgaccaca 3120
tgaagcagca cgacttcttc aagtccgeca tgeccgaagyg ctacgtccag gagcegcacca 3180
tcttettcaa ggacgacgge aactacaaga cccgegcecga ggtgaagttce gagggcgaca 3240
ceetggtgaa ccegcatcgag ctgaagggcea tcgacttcaa ggaggacgge aacatcctgg 3300
ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga 3360
agaacggcat caaggtgaac ttcaagatcc gecacaacat cgaggacggce agcgtgcage 3420
tecgecgacca ctaccagcag aacacccecca teggcgacgg cceceegtgetyg ctgeccgaca 3480
accactacct gagcacccag tccgcectga gcaaagaccece caacgagaag cgcgatcaca 3540
tggtcctget ggagttcegtyg accgcecgceccg ggatcactet cggcatggac gagctgtaca 3600
agtccggagg gatcctctag ctagagettt cgttegtatce atcggttteg acaacgttceg 3660
tcaagttcaa tgcatcagtt tcattgcgca cacaccagaa tcctactgag tttgagtatt 3720
atggcattgg gaaaactgtt tttcttgtac catttgttgt gecttgtaatt tactgtgttt 3780
tttattecggt tttcgctatce gaactgtgaa atggaaatgg atggagaaga gttaatgaat 3840
gatatggtcc ttttgttcat tctcaaatta atattatttg ttttttectcet tatttgttgt 3900
gtgttgaatt tgaaattata agagatatgc aaacattttg ttttgagtaa aaatgtgtca 3960
aatcgtggcece tctaatgacc gaagttaata tgaggagtaa aacacttgta gttgtaccat 4020
tatgcttatt cactaggcaa caaatatatt ttcagaccta gaaaagctgc aaatgttact 4080
gaatacaagt atgtcctctt gtgttttaga catttatgaa ctttccttta tgtaatttte 4140
cagaatcctt gtcagattct aatcattgct ttataattat agttatactc atggatttgt 4200
agttgagtat gaaaatattt tttaatgcat tttatgactt gccaattgat tgacaacatg 4260
catcaatcga cctgca 4276
<210> SEQ ID NO 234
<211> LENGTH: 2244
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: P5290 (SUC2::LexA-GAL4TA)
<400> SEQUENCE: 234
aactaggggt gcataatgat ggaacaaagc acaaatcttt taacgcaaac taactacaac 60
cttettttgg ggtccccate cccgacecta atgttttgga attaataaaa ctacaatcac 120
ttaccaaaaa ataaaagttc aaggccacta taatttctca tatgaaccta catttataaa 180
taaaatctgg tttcatatta atttcacaca ccaagttact ttctattatt aactgttata 240
atggaccatg aaatcatttg catatgaact gcaatgatac ataatccact ttgttttgtg 300
ggagacattt accagatttc ggtaaattgg tattcccccect tttatgtgat tggtcattga 360
tcattgttag tggccagaca tttgaactce cgtttttttg tctataagaa ttcggaaaca 420
tatagtatce tttgaaaacg gagaaacaaa taacaatgtyg gacaaactag atataattte 480
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aacacaagac tatgggaatg
gaactagttt tccagatatc
tggttgttceyg taaatggtge
ttatattatt agttatctgt
ttttctttge tctataactt
gatacttgat cggcattttt
tttttaagga atttttaaat
tatgtagcca gatagttaat
ttecttttgac tcgtetggtt
aaaggttaaa ttaacataat
gttcgagact tcagagataa
tatgtttaat tttcatttag
taagacaacc tcttttaata
gattgcctga ggatactatt
ttaagagcat agaaattaat
ccatttatgt ttatattttce
tttttttttt tgtcaatttce
gcagtacaaa taaacagtgg
ctaacacatt taaatatcta
gtgatagata tttttacgct
gttatcaccyg aaaattattc
tttctettta cctaatataa
agtatatgce cttacatatt
ttttttttaa catattctca
aaaataaagt gtctttgaga
aaatctaaaa gatttaagtt
aataattaaa tacaaaacag
ctacgctata gacacagetce
ctgtctecte tteggataat
cttectecac cactacaacc
<210> SEQ ID NO 235

<211> LENGTH: 1010
<212> TYPE: DNA

attttaccca

aaccaaattt

ttceeeeetet

tttcagtgtt

atatatatat

tttggtaaaa

ggtgattata

tatttggggg

aaattaaaga

ttattgatta

cggaagagat

atgtggatca

ttttcccaaa

attctetgte

tattttcaaa

aaattattta

ataagtgtga

gagaggtgaa

aaaagagtgt

ttcgtctgaa

tagtgccact

aaatcacaag

gtttetgact

tttaattttc

atcgaacgtce

ccaaaaacag

aaaaaaataa

tgttttctet

cctatcctte

acca

ctaattataa tccgatcaca

actttggaat taaactaact

tgcggatgtt agtaaagggt

atgttgtcte atccataaag

atgagtttac agttatattt

aatatatgca tgaaaaactc

tgaatataat catatgtata

atatttgaat tattaatgtt

acaaaaaaaa cacatacttt

caagtgtcaa gtccatgaca

cgataattgt gatcgtaaca

gagaagataa gtcaaactgt

acatgtttta tgtaactact

tttattctct tcacaccaca

aaggtgatta tatgcatgca

atacatttca atatttcata

tttgtcattt gtattaaaca

aatgcagtta taaaactgtc

ttcaaaaaaa attcttttga

aataaaacaa taatagttta

cgcteggate gaaattcgaa

aaaaatcaat ccgaatatat

tttctctate cgaatttcete

attactatta tataactaaa

catatcagta agatagtttg

aaaataatat attacgctaa

tatacgacag acacgtgtca

tttctatgee tcaaggctet

tcttecctata aatacctctce

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: P5284

<400> SEQUENCE: 235

aaatggagta atatggataa

atacgaaaaa tagtaaaaaa

gcgtaaagaa ataaattaga

ataattgctt aaaaggaata

tcaacgcaac

ttataataat

gaataagtga

caagatggga

(RBCS3: :LexA-GAL4TA)

tatatagaga aaaaataata

gattcagaat aaattattaa

tacaaaattyg gatgttaatg

aataatgtgt tattattatt

aggtttcaac
taaaactaat
tttatgtatt
tttatatgtt
atacatttca
aagtgtttet
tccgtatata
ataatattct
tactgtttta
ttgcatgtag
tccagatatg
cttcataatt
ttgettatgt
tttaaatagt
aaatagcaca
agtgtgattt
attgtatcge
caataattta
aataagaaaa
ttagaaaaat
agttatattc
ctatcaacat
gettcatggt
agatggaaat
tgtgaaggta
aaaagaagaa
cgaagatacc
cttaacttca

cactcttect

gegetaccat

taactaaaaa

gatacttctt

gatgtataaa

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2244

60

120

180

240
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gaatttgtac
cecttttatg
ttactaaata
aagtaaatgt
ggagacaata
tataaaaatt
aaaaaggtat
acacaattca
aacctatcaa
gaagaaattg
taaactgtat
ttaagataag

atccaatggt

aatttttgta
aactttttat
tttgttaaat
tataaattac
acagaaattt
ctaattagtt
attatatcta
cctaaatatce
gtaacaaaaa
tcaaagacac
ttttaaaaaa
gagtgtgtaa

tatggttget

<210> SEQ ID NO 236
<211> LENGTH: 2365

<212> TYPE:

DNA

tcaataaagt
caaataaatg
taaaaaatat
gaaaaaggga
getgtagtaa
tatagtcttt
taaattatgt
tcaagcgaag
tcccaaacaa
atacctctat
atattgaata
tttcagagge

cttagatgag

tccaaaaata atctttaaaa

aaatccaata ttagcaaaac

gtcattttat tttttaacag

ttaatgagta tcaaaacagc

ggtggcettaa gtcatcattt

cttttectet tttgtttgte

agcataatga ccacatctgg

ttttgccaaa actgaagaaa

tatagtcatc tatattaaat

gagttttttc atcaattttt

aaacatgtcce tattcattag

tattaatttt gaaatgtcaa

gttattgett taggtgaaag

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: P5311

<400> SEQUENCE: 236

ggcgagtgat

gaatcaataa

aataaacccyg

ttcattttcet

tattgtaaat

tcgtgaaaaa

aaaaagggtyg

atccatgatt

ttgtaaaaca

tggatttggt

agatagtaga

ttagaaaaac

acattaatat

aaagttgcta

ctttectagec

gtgaaaaaca

gectacagee

tgtggcggcet

attattgtac

aattacattt

ccggaaaatg

ttatttgaat

ggtatattta

attataaata

atcaatcatt

tggtgetett

ctctttaacc

tgaacgagaa

agccataaac

aacctacget

gtttgaggat

ctaggagcac

tactaattca

taggtggaga

gtacaaatag

aactaaacta

actaaacaac

aaatcttaat

gccgaataaa

ggtgatgatt

gtacatacat

atagtgaagt

aatcatttgt

ttaaaactta

ttggttgggc

catagcettee

atgttttcat

ttetgtetta

taacgaacaa

aaaacccacc

caaaaacctt

tcactactaa

gctacaaaag

attggttaag

tctatggaga

atacagtaaa

tttacattta

atataatttt

aatacaaaat

tatatggacg

tcttaccage

cacaatttcc

gecatgcgacyg

atgttgggac

gttcagagca

aaaatagtgt

(ARSK1: :LexA-GAL4TA)

ttaaatatat ttcagatgca

ctaaccactt aaaccaccag

aggatttcct gaacatacat

ttcacgtttt aatggacata

tttaatgacc ctagtaatag

aaaacactat ataagaaaga

accagatgtt gtcaaagaac

gacaaggcga ttgtgtcceg

tggatgttaa gtatgaagcg

caatatctte ggtggagatt

catgcaaatt catcaaaatg

aaaattcaaa aagtgcatat

aatgtattat tttactaatt

tgcataagta aatttatcgt

cgcccaagte acccattaat

atcttgtcta ccatatttca

cttaaaccag aacaacggca

ccgacagtte tatgataatg

aacaacactt caatttaatt

gattagacgg atacaatgca

tgactccaag agtcaaaaaa

aatttttaac cacccgctge

aataaaagta

attgatatta

atatttttta

ctaaatggga

aatttgatat

ttgtatgcta

catcatcttt

agatttgaac

cttttcaatt

ttttettttet

tttgggaact

gagccacata

aaaccatatt

ctacaaaacc

taaattattt

atcggtttca

gataagaagg

ccgaaaaagt

aaaaatcatc

gttgaaaagg

gctaaggttt

gagtttttag

cttggatgaa

tgtttggaca

aagtacatat

taaaagtttt
taatttagaa

agggctacag

aataagttca

aaactatata

gttagtatta

cttatgttet

gttattaaat

cgcaaacgtt

300

360

420

480

540

600

660

720

780

840

900

960

1010

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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ggcggaagaa
aatctctact
tacctgaaga
aaatcaatgg
caaagtcaac
tcaaatctte
taaattaatt
gaaactagaa
ttaaattacc
gagagatcgt
aaaattatat
tttataatca
ttcaatatta
cagcatagag
caactaatac
aaggtcggte
agtaggttaa

aaaggagtaa

tacgcggtgt

gcacaatctyg

ccaaccgacc

ttcaaatttyg

ggacatccaa

tttatacgta

gcctaaatta

atcgagatag

taaattatta

atttggaatg

agcccgtaga

ataatattga

ttgtgaggat

cttagaacaa

aaaaaaaaaa

agtacgaata

ctagaacatc

aagactaact

<210> SEQ ID NO 237
<211> LENGTH: 1510

<212> TYPE

: DNA

taaacaattt

ttacgtttac

tttagttatt

tttctcttec

ttatggccta

atatttattt

ttagaacaaa

tggaatatag

caacaaaaac

tagagcgaga

ctttggtgag

ttatattgtg

taatgtgaac

tataaatata

aagcaaactt

agacacaaca

cttaatttct

ttcte

ttgtgatcgt tgtcaaacat

aatttacaag ttagtataga

gaataaatga ttatttagtt

ttacttctta aattttaatc

atcatctcat tctcectttca

gccagectga aatgtatacce

aactattagt aaataactaa

agagacacca ttaaattcac

tattagacag aactaagtct

gacaattttc aattcattga

atgaagtcta agtacaaaca

attagaaaaa gaaaacaact

atggaatcgt gtttctectg

tccaccaaaa ataacttcaa

tttgtatata taaataaatt

actactataa attagaggac

aaacctacge actctacaaa

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: P9002

<400> SEQUENCE: 237

ggttgctatyg

tggeggaggt

gtttgegttt

aaaagagatt

attaataaag

gattgtgata

tgacatctgt

ctatgcatgt

tgattagttc

tgaaagtaaa

agaaagaaaa

cgcatgattt

tctcaaacac

ttacgaaatt

ttattattat

aggagagagg

gtagggacta

aagggagttc

ttgtatgatg

gggttaataa

gttacaaatg

gatttaaaat

tgtttgtacc

gacatttaga

aaacaaaaat

acaaattaaa

aaatctatca

gatggaggag

ggagatctca

taggtagaac

tatagaattt

aggtaaacat

tggggtttte

aagattctgg

cctetgttty

aatatttget

caaaatcatg

tatcctagte

atacaaatta

ccttategga

tttatattaa

ttaacaagaa

tttaatctga

ccatagatge

aagtttgaaa

ttatatacat

tactggttaa

tttcttctat

(RD29A: : LexA-GAL4TA)

ggatteceggt ggaagtgagt

aactgaagat ttggggtttt

tgaactttga tgtattttat

tttttggata agaaactctt

ttagcgtcag atatttaatt

aaaaagaaag agtaggttga

gtttagatta ttggttaaca

attaatttgt agaattatta

aaaatgtaaa cgaatatttt

acttatagaa gaaaattttt

gtcctaaaaa ctgttatact

aattcaatca aactgaaatt

gaaaatttat ttcttcgact

tatattgtaa ttttttgtaa

attaaaaatg aatagaaaag

tttttcatat tttcaggata

ttgtaaccge
agaacgttcg
aagagtaaca
atggaagaaa
acaaggcgaa
aaatcatttt
ttagtcttat
aaaatcattt
ataatgaaac
atatataagc
actgaatgaa
tgegttattt
aaaaaaatat
catttttata
tgaaaactca
tttgaagaca

agattcatca

dgggaggcag

gettttgaat
ctttgtgtga
ttagcggece
attcgaagat
gcagaaacag
tgttaaatgyg
attaagatgt
gtatgttcag
actatttaag
taacagttaa
tctgcaagaa
caaaacaaac
caaaatgttt
gtgaattaag

aattattgta

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2365

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued
aaagtttaca agatttccat ttgactagtg taaatgagga atattctcta gtaagatcat 1020
tatttcatct acttctttta tecttctacca gtagaggaat aaacaatatt tagctccttt 1080
gtaaatacaa attaattttc cttcttgaca tcattcaatt ttaattttac gtataaaata 1140
aaagatcata cctattagaa cgattaagga gaaatacaat tcgaatgaga aggatgtgcc 1200
gtttgttata ataaacagcc acacgacgta aacgtaaaat gaccacatga tgggccaata 1260
gacatggacc gactactaat aatagtaagt tacattttag gatggaataa atatcatacc 1320
gacatcagtt ttgaaagaaa agggaaaaaa agaaaaaata aataaaagat atactaccga 1380
catgagttcce aaaaagcaaa aaaaaagatc aagccg